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PREFACE BY THE AUTHOR

J  am happy to be able to offer the reader a book 
devoted to what I consider one of the most 
important global problems of civilization today.

This book is based largely on my earlier works, The In
teraction of Society and Nature and The Ecological Crisis 
and the Social Progress, published in the USSR in 1972 and 
1977 respectively. (17)

Since then a great many new studies on this subject have 
appeared, and some of the relevant problems have been 
debated at a number of national and international confer
ences in which I took part.

My most sincere thanks go to my colleagues—scientists 
and public figures—in other countries who took part in 
the Dartmouth Conference and the Pugwash Conference 
and other international meetings, and to my colleagues at 
the World Meteorological Organization. Many a time did 
we argue over points in this book, and over our often diif- 
fering views on the subject. But it is these very discussions 
that gave me new ideas, made me seek new arguments and 
then alter and define more precisely some of my earlier 
theses.

Despite differences of opinion, all of us must be clear 
about one thing—humanity must adopt new methods in 
order to optimize its relationships with nature. And no mat
ter what course is taken, this can be done only in conditions 
of a lasting peace, disarmament, peaceful coexistence and 
close cooperation between countries with different social 
systems. There are no alternatives, and I hope this book 
will advance the understanding and recognition of that 
basic truth.



INTRODUCTION

Jnteraction between man and nature is inseparable 
from the very history of humanity. It is the highest 

form of interaction between life in general and the environment.
It is now common knowledge that organic life, which began 

about three billion years ago, played a tremendous role in the 
creation of the atmosphere, the hydrosphere and the veneer of 
the earth’s crust, all of which make up the planet we know today. 
For example, oxygen in the atmosphere is the result of the vital 
activity of plants. Limestone in its different forms, whether in 
large deposits on land or in coral reefs and atolls in the ocean, 
has been created by minute marine animals. And the soil is the 
product of the combined action of all living things and natural 
processes which are taking place on the surface of our planet, 
on the boundary between the atmosphere and the lithosphere. 
The same applies to the interaction of the land and the sea.

The celebrated Soviet scientist Academician Vladimir Ver
nadsky wrote:

The exchange of matter between land and sea is set in 
motion by two main physico-geographical processes. Most 
of the chemical elements that enter the hydrosphere come 
from the lithosphere where they are carried by rivers, and 
the bulk of matter returns from the hydrosphere into the 
lithosphere by way of a complicated precipitation of sub
stances from aquatic solutions. . . . The composition and char
acter of the substances carried in solution form, by rivers, 
are largely determined by various life phenomena. The same 
applies to the chemical processes which actuate the precip
itation of chemical elements in the form of solid com
pounds from seawater. (12)

Seawater is to all intents and purposes a weak salt solution; 
it is far from the saturation pointy and consequently precipitation 
of solids from it can occur only biochemically, that is, through 
the vital activity of living organisms.
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The diversity of life forms evolved over hundreds of millions 
of years, and their adaptation to different, often extreme, en
vironmental conditions are amazing. We find living things on 
mountaintops and in conditions of eternal cold, in places where 
air pressure is only about one-fifth that at sea level, or in the 
hot, near-boiling water of geysers, in the eternal darkness, damp
ness and cold of deep subterranean caves, and in oceanic troughs 
under conditions of tremendous pressure.

At the same time, each individual animal or plant species 
can exist within a comparatively narrow range of ambient con
ditions, using the resources of the environment and exerting an 
influence on it in a definite and invariable way, predetermined 
by its biological mechanism. New forms of interaction with the 
environment emerged only at a time when new plant and 
animal species came into being through the slow process of biolog
ical evolution. That was long before the advent of human beings.

Later, the situation changed fundamentally. Remaining almost 
completely unchanged himself, biologically speaking, man has 
continually and at an increasing rate been changing the forms 
and modes of his interaction with the environment.

At one time this interaction was between a weak, helpless being 
and a vast incomprehensible world of the elements. Nature and 
ils resources were inexhaustible, practically infinite compared to 
(lie needs of the small human population of our planet. The pow
er of the elements that bore down on man appeared truly in
finite compared to his meager capabilities. Originally, the all but 
insuperable difficulties of the natural environment gave him lit- 
lle leeway in his activities. But with time—slowly at first, and 
(hen more rapidly—the situation began to change.

The persistent work which stimulated the development of 
intelligence, and the felicitous ability to combine the meager 
strength of one individual into a pool of strength of a collective 
enabled human beings to score initial successes in protecting 
themselves from the elements and later fighting them.

The interaction of human beings with nature began at the time 
they separated themselves from the natural environment. And 
that became possible through the creation of primary, primi
tive forms of social organization. Since then, the natural proces
ses and factors that depend on the structure and other character-
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istics of our planet, and the social processes and factors that de
pend on the structure and characteristics of society have been 
closely interwoven. 

Speaking of nature, we mean actually the section of the uni
verse that is known to us today. However, in practical terms, 
relations between man and nature take shape within his hab
itat. 

Over hundreds of millennia, communities of people lived in 
fairly small areas. It was only several thousands of years ago that 
tribes began to develop contacts, barter goods and launch mili
tary campaigns to distant lands, although at that time these were 
limited to one continent. The first more or less correct notions 
of what our planet was .like, of its oceans and continents and of 
the peoples who lived on it were formed a mere 300 or 400 years 
ago. 

Until then the earth's surface was a vast area with isolated 
or loosely associated foci of human activity. The isolated and ba
sically self-sufficient existence and development of such commu
nities-indeed, whole civilizations-in different regions of our 
planet terminated by the onset of the nineteenth century. In the 
epoch of colonial conquests, there began the process of emergence 
of a world economy and extensive international relations. 

Today the movement of people and the traffic of commodities 
pose no problems. Worldwide econom'ic contacts have such great 
influence on the economy of most countries that only a very few, 
the largest of them, would be able to maintain their economies 
at the present level if they shut themselves up within their ter
ritorial boundaries. Global contacts are developing in the area 
of economics, politics, science and 'Culture. The world is, in fact, 
becoming more and more integrated, and it is not surprising that 
it is in our time that man has broken through into outer space. 

A mere twenty years ago the launching of the Earth's first 
man-made satellite ushered in the space age. Since then, auto
matic space probes have brought information about the Moon's 
surface and samples of its soil, have reached the planets Mars 
and Venus, and are transmitting back to Earth singular data 
about outer space over hundreds of millions of miles. People have 
learned how to live and work in near space and on the Moon, and 
are preparing for the day when interplanetary travel will be pos-
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sihle. Scientists have developed a fairly clear idea, albeit based 
on very indirect information, about the structure of the universe 
to a distance of about 1022 kilometers. 

The population of the earth is growing rapidly, and by the 
yc•ar 2 000 it might well exceed the 6-billion mark. The utilization 
of natural resources will grow accordingly. 

There are two kinds of resources: nonrenewable (mineral 
I \'I' a It It), of which there is a certain fixed amount in the world; and 
n·•u·wablc resources (fresh water in rivers, oxygen in the atmo
'l'lwn-, the forests and the biological mass), which come from the 
nalnral processes taking place on earth and are balanced between 
.lllllllal increase and annual consumption, including the utilization 
J.v human beings. 

The term "natural resource" has not only a purely scientific or 
lc·dmological meaning but a historical one, too. At one time many 
c·lc·•ucnts of the natural environment meant nothing to humans. A 
IlliTe~ 50 years ago uranium was regarded as nothing but a by
product in the extraction of radium. At present almost all re
sotm·es-both renewable and nonrenewable-are used in the na-
1 j, mal economy, and their utilization has been intensified, especially 
ovc•r the past two-three decades. Today that part of many non
l'l'lll'wable resources that has already been used up is fairly large 
iu n·lation to their total known resources on our planet. 

Also drawn into man's economic activities on an ever increasing 
~··ale· arc renewable resources. In many countries some of the renew
.tl·lc~ resources, such as soil, forest, water power and fresh water 
.Ill' used in their entirety. 

I .ct us see how the environment influences man and what re
' iprocal influence society exerts on nature. 

Primitive people could exist only within a very narrow range 
of uatural conditions, whereas today there is hardly a place on the 
c·arth's surface, in the ocean and even in near space where human 
lll'ing-s would not be able to live and work. The various types 
of human activity are becoming more and more independent of 
c·nvironmental conditions. A modern ship can cross the ocean in 
.1uy wind or storm. Air transport can also operate in practically 
any weather conditions. 



10 E. FEDOROV

The transmission of gas, oil and electric power over long dis
tances has obviated the necessity of building industries next to 
the sources of energy, as was previously the case.

The construction industry has over the past 40-50 years lost its 
seasonal character. We could cite many more instances of our 
growing independence from the natural environment.

All this does not mean, however, that environmental factors 
and conditions no longer have an effect on our activities. Quite 
the contrary, the more independent of the environment our ac
tions become, the more fully must we take into account its prop
erties and conditions in order to be able to do our work in the 
most expedient and effective manner.

Technical progress has made it imperative to take into account 
more and more features of the natural environment. Thus, in 
order to ensure stable radio transmission over long distances we 
have had to obtain information about the structure of the iono
sphere. To make submarine navigation possible requires know
ledge about the structure of the ocean deeps. In other words, we 
require the kind of information about the natural environment 
that in earlier days might have been of general interest to a small 
number of scientists.

With the growth of the population and the development of pro
duction, man himself began to influence the environment more 
and more. These changes in the environment, just like the changes 
that emerge as a result of the vital activity of any other association 
of living beings, consist of the transformation of the structure of 
the environment, its energy balance, its composition, and the 
cyclic movement of the substances of which it is made. But the 
interaction of animals and plants with the environment produces 
slow biological evolution, whereas the effect of human activity 
on the environment grows very rapidly, both overall and per 
capita. The antropogenic effect on i^ture is growing because hu
mans modify, that is, develop, all foims of their interaction with 
the environment, and transform, in the words of Academician 
Vernadsky, “the technology of life” itself.

All these forms of interaction are closely tied in with each 
other. For example, while extracting mineral wealth, burning 
fuel, or irrigating crops on arid land, we extract certain substan
ces from the natural environment. While discharging industrial
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and agricultural waste and other such byproducts into the at
mosphere and hydrosphere, we introduce new components into 
the environment. By improving marshlands or piping water for 
household and industrial needs, we alter some of the elements 
of moisture circulation: the fluvial runoff into the ocean is re
duced and the intensity of evaporation on the continents increases. 
Transformations taking place on the earth’s surface inevitably af
fect the energy balance of the earth-atmosphere system. One way 
this balance is affected is through changes in the albedo (reflective 
power) of the earth’s surface.

The energy balance of our planet is also affected by changes 
in the transparency of the atmosphere and by the discharge of 
heat into the atmosphere as a result of man’s production activi
ties.

Now, how much do we actually affect the elemental processes 
taking place on our planet?

Changes in the structure of the earth’s surface—plowing up 
plains and cutting down trees to clear areas for agricultural uses, 
building cities, roads and water reservoirs, etc.—have taken up 
about 20 percent of the land.

This “cultured” surface has thus become “smoother”, not so 
“rough”, and the area of evaporation has increased, affecting the 
turbulence of the air in the lower atmospheric layers and caus
ing shifts in the energy balance.

Large cities—giant heat generators—stimulate the convection 
of the air above them and so increase atmospheric precipitation.

The masses of water drawn from rivers for the needs of irri
gation and industry form about 20 percent of the world’s run
off, but in many areas (over a large part of the United States, 
in almost the whole of Western Europe, and in the south of the 
European part of the Soviet Union) it exceeds 100 percent; that 
is, the entire runoff is put through industrial enterprises, water 
mains, sewers, and irrigation systems.

The total rock mass extracted from the earth’s crust is infini
tesimally small compared with the mass of the planet as a whole, 
but for some of the substances the amount extracted constitutes 
a sizable proportion of their total reserves and has substantially 
altered the natural course of their circulation about our planet.

Industrial and other wastes discharged into the atmosphere and
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hydrosphere contain substances which in the past did not exist 
in a natural state, such as many synthetic products.

Over the past 50 years, radiation from our planet in the radio
frequency range has increased hundreds of times. If there are 
civilizations somewhere in the universe capable of registering and 
measuring radiation from celestial bodies in this range of the 
electromagnetic spectrum, the way we do it here on earth, they 
could have registered some changes in its intensity.

A clue to the changes in the energy balance is provided by the 
amount of energy obtained or converted by human beings in the 
process of their activities. A primitive tribal community of about 
100 members could in the course of work develop power amount
ing to several kilowatts, whereas today we wield power totaling 
about 109 kilowatts (kw) in the form of energy sources of long 
duration (power stations, different mechanisms, etc.).

Compared with the energy radiated by the Sun ( 1023 kw), 
or the energy of the movement and rotation of the Earth, 109 kw 
is an infinitesimal amount. Nevertheless, it is comparable with 
the energy of the processes taking place on the surface of our 
planet, in the atmosphere and in the ocean. These processes, which 
determine the diversity of climate and weather on earth, are set 
in motion by the stream of solar energy that falls on the sun
ward part of the planet. The power of this stream is on the order 
of 1013 kw.

The energy resources used by man amount to only a tiny frac
tion of this figure. We must not, however, regard this correlation 
as a limit to our ability to influence the elements. In actual fact, 
as we shall see later, this ability is much greater.

The point is that the natural environment is not a stable struc
ture. The continual elemental processes taking place in the at
mosphere and in the ocean—movements of masses of air and 
water, moisture circulation and other phenomena—are closely 
interconnected.

The interconnection of natural phenomena and their sporadic 
instability make the environment highly sensitive. Therefore, even 
with limited technological means, man may interfere with delica
tely poised natural processes.
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Modification of natural phenomena is sometimes induced by an 
unpremeditated side effect of man’s activity and often against his 
will.

To sum up our description of the interaction between society 
and nature, we can note that today people

©  are familiar with the entire surface of the globe and almost 
all of it has become the scene of their practical work;

O  have begun the exploration of outer space;
O  have expanded the physical limits of their existence by 

learning to protect themselves from inclement conditions in any 
place on the surface of the earth, in near space and in the ocean;

O  have drawn into their activities almost all the elements of 
the natural environment, both renewable and nonrenewable, some 
of them to a considerable extent or almost in full, and others so 
far in a very small degree;

O  need more and more information about the state of the na- 
lural environment;

O have intensified their activities in a way that noticeably 
(and often harmfully to themselves) alters the established pat
terns of cyclic movement of matter, affecting the natural course 
of elemental phenomena on the surface of the earth. Man is 
beginning to master the methods of control over some of them 
and is trying to utilize them for military purposes.

All this taken together means that we have entered a new 
phase in our relationships with the environment—that of ful
ly utilizing the possibilities of our home planet.

Remarkably, having acquired the capability to transform 
nature, having emerged into outer space, having largely thrown 
off the constraints on our activities originally imposed by natural 
conditions, we have encountered other constraints and can no 
-longer regard terrestrial resources as inexhaustible or unlimited. 
More and more often we have to reckon with the limits and size 
of everything that exists on earth.

What will happen next?
Many economists, sociologists and naturalists are studying the 

processes of interaction between man and nature in the light of
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the facts they have at their disposal and the data they have extra
polated for the future.

The rapidly growing power-to-people ratio and our growing 
ability to change the face of the earth, give enough reason for 
optimistic prognostications about the future of the humankind.

With the emergence of a rational being, our planet has 
entered a new stage of its history: the biosphere has changed 
into the noosphere.* Moreover, we seem to be breaking 
through the confines of the earth, since everything points to 
the fact that the geochemical action of the intelligence of 
civilized man cannot be limited to the size of our planet, 
wrote Academician Vernadsky in 1944. (13)

Tsiolkovsky, Shklovsky, Clarke, and many other Soviet and for
eign scientists referred to the future of human society as a con
tinuous advance utilizing our own planet, the solar system and the 
distant worlds of the universe.

At the same time, over the past two centuries, and especially 
during the past several decades, another line and, accordingly, 
another concept of the “man and nature” problem has taken 
shape.

The depletion of resources, the growing impact of man on na
ture, and above all the pollution of the environment, and the 
possibility that it may be modified for hostile purposes, are matters 
of growing concern in many countries.

This concern is heightened by the crises which have rocked the 
capitalist world: the energy crisis; growing food shortages, which 
are alleged to have been caused by a growing population in the 
developing countries; the disruption of the monetary system, 
etc.

The interaction of people and the environment is closely linked 
with the problems of development in countries which lag behind 
others economically, technically and culturally. The widening gap 
between living standards in the advanced and the backward coun
tries is causing anxiety in scientific and political circles, as well 
as the public at large.

The determination of the developing countries to raise the

* The biosphere as altered consciously or unconsciously.—Ed.
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levels of their development, to speed up their economic growth, 
largely depends on rational utilization of their abundant natural 
i ( sources and on the character of their economic relations with 
other nations.

All these problems are discussed at international conferences 
.iiid at UN-sponsored symposiums and seminars.

At two of its special sessions the UN General Assembly discus
sed the problem of a new international economic order that would 
establish a more equitably pattern of worldwide economic exchan
ge and would boost the development of the economically and 
technically backward countries.

'Hie United Nations Trade and Development Board and a 
host of other international organizations and conferences have 
discussed ways and means of making the most effective and ra
tional use of the wealth of the world ocean. Also active is the 
International Union for the Conservation of Natural Resources.

'Hie results of all these activities have so far been rather limited. 
Nevertheless, agreements have already been reached on reducing 
pollution from waste dumped from ships into the world ocean. 
Also, principles have been worked out to exercise systematic ob- 
n vation and control, under an integrated program and via a 

worldwide monitoring system, over the state of the natural en
vironment and the changes in it wrought by humans. The major
ity of countries have ratified the international convention on the 
prohibition of military or any other hostile use of environment 
modification techniques.

by contrast, the question of a new economic order is still in the 
discussion stage.

More resolute and promising proposals have been put forward 
by individual authors and various international scientific and pub
lic organizations (the Pugwash movement, the Dartmouth con- 
!e rcnces, the International Federation of Institutes of Advanced 
Study, the International Institute for Peace in Vienna) which are 
not committed to any particular government for their de- 
< isions.

In 1970 a group of political figures, businessmen and scientists 
set up the so-called Club of Rome, a small international organiza
tion whose members, acting in a “private capacity”, have con
cerned themselves with mankind’s future development.
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Environmental protection and the rational use of natural re
sources, and a host of other problems, including those facing the 
newly developing countries, have been discussed at conferences 
of various international public organizations, such as the World 
Congress of Peace Forces, nongovernmental organizations for dis
armament and many others. The results of this research and the 
views discussed have been published in books and in the press.

The old Malthusian thesis of the overpopulation of the earth 
also comes up occasionally in these publications.

The earth cannot support the existing population, let alone the 
population that we expect to have several decades from now. The 
demographic explosion—the bomb of overpopulation—is the main 
danger which will eventually, possibly soon, bring humankind to 
the verge of catastrophe. This is a rather widespread view which 
has many followers in the West. Its authors hold that the devel
oping countries should curb population growth, because other
wise they will not be able to feed themselves.

Significantly, the earlier extrapolation of how much our rap
idly growing population will consume and how long the resources 
of the earth will last has given way to comprehensive overall ana
lysis of the activities of human society.

The first attempt of this kind was made by Jay W. Forrester, 
the author of World Dynamics (1971) (30). Another book which 
follows much the same line of argument is The Limits to Growth, 
written by D. H. Meadows et al. (USA, 1972) (41). There were 
some other books on the subject commissioned by the Club of 
Rome. In these and other studies the principal economic indica
tors—such as industrial and agricultural growth, the rate of birth 
and death, environmental pollution, etc. averaged out for mankind 
as a whole, fit into one integral system of mathematical propor
tions.

By evaluating, with a large measure of subjectivity, and on the 
basis of data collected over the past several decades, the char
acteristics of the direct connections and feedbacks between these 
indicators, the authors try to predict a course of events for the 
future. The result is very depressing indeed. If the present trends 
and character of social development are retained, then, they say, 
in about 50-70 years, the population of our planet, which will 
then be about 6.5 billion, will begin to die out because of a short-
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• ij’c of natural resources and from the insupportable pollution of 
ilie enviromnent. Only after more than two-thirds of the world’s 
population has perished will it be possible for the remaining one- 
third to subsist with any degree of hope for the future.

What if the growth of population is held up? It is true, they 
■•.iy, that this would delay the catastrophe, but it would not fun
damentally change the course of events. The problem is not just 
population growth as such but growth in general, that immanent 
desire for expansion and augmentation which is intrinsic to any 
social system, and in any society. Therefore, according to these
• inihors, it is necessary to arrest all development and growth—in 
industry, consumption and population. It is only a state of global 
balance that can save mankind from catastrophe.

Research was carried on by M. Mesarovic (USA) and E. Pes- 
iel (FRG) with funds provided by the Club of Rome. The prod
uct of this research is their book Mankind at the Turning Point 
(USA, 1974) (42). The authors discussed forty-one countries, or 
lather groups of countries: advanced capitalist countries, the so
li; i list countries of Europe (together with the Soviet Union), devel
oping countries and other groups of countries. But the authors 
skirted the analysis of the social distinctions (of paramount im
portance in this case) that make these countries so different. What 
diey did, though, was to present these countries as specified ge
ographical regions of the world, dividing them roughly into the 
“rich” and the “poor” nations. Using the systems analysis, it has 
since been proved that the global development of humanity is not 
only inevitable but that it is necessary. However, it must be “or
ganic”, i.e., akin to the growth of a living organism, each part of 
which develops in strict conformity with the growth of the or
ganism as a whole.

The researchers demand that a well-coordinated policy be car
ried out in order to determine the rates and character of the 
economic development of countries, and the interaction between 
them. An accelerated rate of economic growth in the developing 
“poor” countries can be attained in large measure by lowering the 
overall rate of economic development in all countries and, in 
particular, by bringing down the rate of consumption in the ad
vanced “rich” countries.

By emphasizing the close economic relationship between all

2—2300
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countries of the world, the authors are trying to convince their 
readers that this “organic” integrated development not only is the 
sole option left but also happens to be the most suitable for the 
“rich” countries in terms of the long-term interests of their popu
lation, and not merely for the immediate selfish interests of cer
tain powerful monopoly groups.

Similar ideas have been set forth in many other recent publi
cations, such as Human Requirements, Supply Levels and Outer 
Bounds (40) by John McHale and Magda Cordell McHale; a 
draft of the State of the Planet Statement, prepared by the Chair
man of the Council of Trustees of the International Federation of 
Institutes for Advanced Study, Dr. Alexander King (37); the pa
per “What Now?” drafted by a group of researchers at the request 
of the Dag Hammarskjold Foundation (50); the materials of the 
conference of Global Problems of Modern Civilisation sponsored 
by the International Institute for Peace in Vienna (32, 46); the 
study carried out by a group of scientists under Professor Jan 
Tinbergen on the development of a new world order; the paper 
entitled “Food for a Doubling World Population” (39) prepared 
by Hans Linnemann; and books and articles by Richard 
Folk (29), Barry Commoner (26), Edward Teller (49), and 
some others.

We have listed only those books which have a direct bearing on 
the problem of interaction between man and nature, and have 
left out many studies on purely economic problems in the devel
oping countries.

In addition to the general and quite obvious basic thesis about 
the impossibility of the unlimited growth of population, production 
and consumption on our planet with its limited resources, space 
and mass, these studies also offer various concepts of the general 
crisis as it relates to these factors, and a variety of views on the 
ways and means of forestalling it.

We can also point out that during the past several years many 
authors have devoted more attention to the role played by social 
factors in the interaction of man and nature. However, in their 
examination of the social phenomena leading to a world crisis 
most of these scholars, without good reason, project the social fac
tors characteristic of one particular social system on to other 
forms of social organization and, moreover, refer to them as a
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Kind of immanent laws governing the development of human 
-.1 »« irly.

These scholars also ignore the fact that changes in the social 
nurture of society are inevitable, and this must certainly be 

1.1ken into account in evaluating the present situation and in at- 
irmpting to forecast and plan the ecological future of'humankind.

I )espite all the differences in their views, the authors agree on
< <• i lain provisions, the most important of which, in our opinion, 
nr (lie following:

(•) if the present character and the rate of growth and develop
ment of humankind are to continue, they will inevitably lead to 
ilie emergence, in about 50-100 years, of a very serious ecological
< i isis, which will be tantamount to a collapse of modern civili
zation; and

O  it will be possible to avoid the crisis, if an overall long-term 
plan of action for the whole of humanity is drawn up in time 
ior now, considering the exponential character of society’s devel
opment and its “inertia”) and measures are taken on a global 
scale to prevent eruption of the crisis.

As for the differences in the authors’ views, these concern 
mostly specific features of the structure, activities and develop
ment of modern society that exert a hazardous impact on the na
tural environment, and the ways and means of preventing the 
crisis. Some authors are of the opinion that any kind of develop
ment must be stopped altogether, and that the clock must even, 
be turned back for human civilization. Others believe that the de
velopment of mankind is possible if certain conditions are ob
served.

In substance, the problem should be formulated this way: until 
when, how, and under what conditions can human beings develop 
within the limited space of our planet? Below we shall set forth 
our views on this problem.

In discussing the existence and development of humankind on 
our spatially limited planet, we must first of all estimate the pos
sibilities and limits of satisfaction of human needs. In genera! 
terms these needs, in the context of our interaction with nature, 
are for living space, for energy, for substances and certain quali
ties that make the environment fit for human habitation.

The possibility of satisfying each of these needs on the basis

2*
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of utilizing terrestrial resources is subject to certain constraints 
imposed by natural factors and also by socio-political conditions.

Below we shall review these constraints, and shall examine the 
part played by natural and social factors.

We shall proceed from general considerations of principle, with
out going into specific calculations, because it has been proved 
on the basis of historical facts that the evaluation of parameters 
necessary for any calculation will, with the passage of time, change 
fundamentally. For example, the primitive hunter judged the 
food resources available to his tribe by the number of mammoths 
that roamed the neighborhood, and not even the greatest of scien
tists that lived early in this century could have thought of any 
practical use for atomic energy, let alone thermonuclear energy.



CHAPTER ONE

THE LIMITS OF THE POSSIBLE

THE POPULATION EXPLOSION 
AND POPULATION CONTROL

One of the main causes of concern about the future of 
humanity is the growth of the world population. In- 

< rcase in per capita consumption of all the resources of our 
planet, corresponding growth in production output and, con- 
■rqucntly, mounting pressure on the natural environment have 
< i rated many problems which can no longer be ignored.

'Thomas Mai thus, as is known, was among the first to believe 
i hat available natural resources could not satisfy the needs of 
ilie growing population, that the fertility of the soil was diminish
ing in relation to the growth of human requirements. His name 
is often mentioned in literature, but very few people have a first
hand knowledge of his works. Therefore I shall permit myself 
lo quote a passage from Malthus’s once sensational book An Essay 
<>n the Principle of Population.

It is an evident truth that, whatever may be the rate of in
crease in the means of subsistance, the increase of popu
lation must be limited by it, at least after the food has 
once been divided into the smallest shares that will support 
life. All the children born, beyond what would be required 
to keep up the population to this level, must necessarily per
ish, unless room be made for them by the deaths of grown 
persons. . . .(47)

Mai thus wrote that at the end of the 18 th century; his ideas 
have many followers today. This is what our contemporary, Dr. 
II. Fairchild wrote in his book The Prodigal Century (28), pub
lished in 1950:

But never at any times, by the most diligent employment 
of his inventive faculties, was man able to improve the tech
niques of production fast enough to take care of the natural, 
biological increase of his numbers. Always and everywhere 
the pressure of population on the food supplies produced 
hunger, misery, conflict, suffering and eventually death.



22 E. FEDOROV

Overpopulation has been the chronic state of society prac
tically all over the world during the entire span of human 
existence down to the last few generations.

And this is what Garrett Hardin, a noted American scientist, 
wrote in The Relevant Scientist, back in 1971:

It is unlikely that civilization and dignity can survive 
everywhere; but better in a few places than in none. For
tunate minorities must act as the trustees of a civilization 
that is threatened by uniformed good intentions.

Of course, not all proponents of Malthusian views are so cate
gorical in their pronouncements. For example, the well-known 
British researcher Lord Ritchie-Calder in the article “Mortgag
ing the Old Homestead”, published in Foreign Affairs, does not 
say outright that disease and famine are necessary or desirable 
for maintaining the population of the earth at a certain level. 
However, he lumps together the significance of the invention of 
the atomic bomb and of the discovery of penicillin and other 
effective medicinal preparations for combating many grave dis
eases. (24)

These medicines, says Galder, are fundamentally responsible for 
the present population explosion, which in their far-reaching haz
ardous effects can well be compared to the atomic weapon.

Such are, as Galder put it, the unexpected, unpremeditated, and 
at times dangerous results of the dedicated and best-intentioned 
work of scientists.

Thus, the unlimited growth of the population is alarming and 
fraught with danger, considering the limited resources of our 
planet.

Let us discuss more in detail the problem of population growth 
and its control.

Studies by many demographers have shown that, allowing for 
some fluctuations and occasional downturns the size of the pop
ulation on the earth as a whole has, over long periods, stead
ily been growing. The rate of this growth has also been increas
ing. A clear idea of this growth is provided by the table drawn 
up by F. Baade. (21)
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Period Growth 
(in millions)

From To

Years required 
to double the 

population

ii <:. 7000-4500 10 20 2,500
4500-2500 20 40 2,000
2500-1000 40 80 1,500
1000- 0 80 160 1,000

A D. 0-900 160 320 900
900-1700 320 600 800

1700-1850 600 1,200 150
1850-1950 1,200 2,500 100

1950-1990 2,500 5,000 40
(estimated)

A study carried out by a team of demographers at the request 
nl die United Nations estimates the population of the earth in 
ilir year 2000 at between 4.9 and 6.9 billion. The most realistic 
I ik nrc is considered to be 6.3 billion. The annual growth of the 
population is at present around 60-70 million.

Now is this rising rate of population growth to be explained? 
Ily some natural biological causes or by the long-established ten- 
dnicy of people to multiply at a higher rate than that of the de
velopment of technology and culture, as the neo-Maithusians say? 
Neither would be correct. Nobody asserts that an increase in popu- 
l.iiion is the result of certain changes in the biology of man. The 
mm I reason for the increase is a steady decline in the mortality 
i.lie and the corollary increase in life expectancy. The reduction in 
ille mortality rate, in turn, is due to the improved standards of 
medical assistance, part of a general, though relative, improve
ment in living conditions resulting from the rising efficiency of so
li; il production, in the widest sense of its meaning.

Should the population growth continue, the resources of our 
planet will sooner or later run out, even if they are put to the 
most effective use.

But will the population continue to grow unimpeded, or will 
iis growth be held back by some factors other than war, epidem
ics and famine?

Significantly, the Malthusian concept recognizes only this last 
group of factors and calls either for their artificial application 
i >r for a mandatory reduction in the birth rate.
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There is still another factor at work: the conscious control of 
population growth which accords with the wishes and interests 
of individual families. Over the past hundred years this self-im
posed family planning has become increasingly widespread.

Analyzing the growth of population the demographers have 
noticed that the birthrate in different countries and in different 
periods fluctuates under the impact of economic and social fac
tors. Rising living and cultural standards, and growing urbaniza
tion (which means a growing proportion of the population lives 
in the cities), as a rule lead to a reduction in the number of 
births. Thus the reduction in the deathrate is offset by a reduc
tion in the birthrate. However, in different countries the rela
tionship of these processes has its own specifics. The reduction in 
the deathrate in the developing countries has, over the past several 
decades, outpaced the reduction in the birthrate, and this partic
ular circumstance has apparently given most concern to the pres
ent-day neo-Malthusians.

But the main question, apparently, is whether in the future, 
too, the factor of self-control will be sufficiently effective to force 
down the growth of population below the rate of increased pos
sibilities for satisfying its needs.

Demographers hold different views on the matter. Most de
mographers and other researchers in the West hold that family 
planning is clearly insufficient, especially in the developing coun
tries. They urge that crash measures be taken to sharply reduce 
the birthrate.

Many Soviet demographers believe that improved social and 
economic conditions will reduce birthrates before long without 
drastic action on a global scale, although they, too, agree with 
the expedience of the family-planning programs being implement
ed in certain developing countries as a temporary measure. Thus 
Boris Urlanis (16) believes that in the present decade the birth
rate has reached its peak all over the world. He believes that as 
early as in the 1980s this growth will begin to go down, and in 
the next century the size of the world population will be stabi
lized, i.e., the birthrate will balance the deathrate.

It is possible that things will stand precisely this way, but in our 
view the question of the size of population should be left open 
for the time being. In the future, society might have to influence
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hi iiurease or decrease in population by taking certain measures. 
Knurls wrote to Kautsky back in 1881:

There is of course the abstract possibility that the human 
population will become so numerous that its further increase 
will have to be checked. If it should become necessary for 
communist society to control the production of men, just 
as it will have already control the production of things, then 
it, and it alone, will be able to do this without difficulty. (1)

In my opinion this idea expressed by Engels has fully retained 
ik validity and relevance.

It should be noted, however, that population size and growth 
.nr by far not the only characteristics of human society in its 
present state and its development. In this context, the concept 
»»l population control should be viewed in broader terms.

Other characteristics that determine the specifics of the struc
ture and the qualitative composition of society are also important.

( )ne of them is the proportion of the population taking part in 
production. Is it a normal situation when a large proportion of the 
.iblrbodied population of a country cannot find use for its 
.(length, cannot find work?

As is known, unemployment—which always exists in the capi
talist countries and which at times reaches catastrophic propor
tions—arises not from demographic explosions but from quite 
definite social and economic factors.

Of no small importance is the qualitative make-up of society,, 
dir distribution of its population according to occupations, educa
tional levels and patterns, to interests. Even when the size of the 
.iblebodied population accords with production possibilities, the 
<|ualitative composition of the population may or may not cor- 
icspond to the structure of production and to the level of tech
nical progress.

If there is no such correspondence, then large groups of the 
population find no place in the social production process, and con-% 
srquently no place in life. This gives rise to such phenomena a$4 
unemployment and loss of interest in any useful activity in gen
eral. The situation in many countries is evidence of this. In cap
italist society today, large groups of young people have neither 
|obs nor a place in society in general.
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One must bear in mind that at present the training of young 
people for jobs takes up a great deal of time and a considerable 
share of society’s resources. With advancing technical progress, 
this vocational training requires more time and money.

Industrial and professional personnel must be trained with an 
eye to the conditions of work at our factories and offices in some 
10 to 15 years from now, when the present generation of young 
people, who are being trained for jobs today, will be able to pay 
their debt to society by taking part in production.

Consequently, the training of every young man and woman 
about to enter adulthood must conform to a plan for the devel
opment of society, its productive forces and its mode of produc
tion. However, such a plan is possible only where there is a 
long-term goal and perspective for society’s development.

Personnel training is given serious attention in the socialist coun
tries, where considerable progress has been achieved in this 
field. The task is not only to train the required number of spe
cialists for different industries, but also to find the correct cor
relation between general educational training and specialized vo
cational* training, to combine the development of the talents and 
abilities of each individual man and woman with the requirements 
of social production.

If a person’s abilities are to be revealed and developed on an 
individual basis, society must stimulate interest in those occupa
tions which more than any others meet the requirements of its 
economy. With the development of socialist society, as can be 
seen from the experiences of the Soviet Union and other soci
alist countries, the educational standard of all its members is rising 
rapidly, which facilitates specialization and at the same time makes 
it possible to change the character of labor.

In socialist society, everyone of its members is provided with 
work that accords with his interests and abilities and at the same 
time serves the needs of social production.

In the socialist countries such regulation is the concern of the 
state, which seeks to ensure maximum satisfaction of people’s 
material and spiritual requirements, including one’s inherent re
quirement to do interesting work. Each member of society has the, 
guaranteed right to work, to free education, to rest and leisure 
and medical care, to all that is necessary for a life worthy of a
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human being. At the same time, every person must work in ac
cordance with the needs of society and in accordance with his 
abilities.

A society which has no long-term goals and perspectives cannot 
systematically and rationally regulate its own development, includ
ing the qualitative and quantitative composition of its popula
tion. Such a society sets no goal of this sort for itself.

It is for this reason, apparently, that many Western researchers 
tend to reduce the problem of overall regulation of the develop
ment of society to restricting the size of its population, regard
ing that as a universal remedy for all social and economic ills 
that society may have now and in the future.

Moreover, birth control, in their view, must take the form of 
compulsory quotas handed down from above.

It must also be borne in mind that all talk about the popula
tion explosion is more often than not designed to camouflage the 
real socio-political causes of famine and the general backwardness 
of the population in certain countries. Pedro Antonio Saad, Gen
eral Secretary of the Central Committee of the Communist Party 
of Ecuador, in reply to the question put to him by a corre
spondent of the influential newspaper El Universal, “Are the social 
problems of Ecuador rooted in uncontrolled child-bearing?” 
said:

A few years ago a group of students of economics and 
law, myself included, studied this problem. We then came to 
a conclusion which we subscribe to even today. It is true 
that every year the population of Ecuador increases by 3.4 
percent. But Ecuador would have enough land to support 
a population 4-5 times as big as now, if all of it were used 
scientifically.

The very fact that this problem has been raised and 
“birth control” touted as the right means of solving this 
problem, is but a ruse to mechanistically transpose the prob
lems of other countries onto our soil. One must not for
get that the future we are fighting for (that is, when free
dom and social progress become a reality) will require a 
large population capable of sharply raising the level of our 
production.
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The other thing is a stratagem designed to mislead the 
working masses of our country and cause them to turn off 
the correct road of transforming the country. (48)

The same idea was expressed by Maaza Bekele (22) (of Ethi
opia) with regard to the whole of the African continent.

As we pointed out before, the question of whether or not spe
cial measures should be taken to limit the growth of the population 
of the world has been given no conclusive answer. It would be 
well to recall Engels’ words that only under communism will this 
problem be resolved without difficulty.

Indeed, only a society in which every member understands and 
regards its aims as one’s own can adopt recommendations on the 
question of population control. Such a society will be able, by 
the conscious effort of all its members, to take such measures on 
a mass scale. We can cite many examples of mass participation by 
young Soviet people in building industrial plants, railways and 
other projects of national importance. At present, thousands of 
volunteers, at the call of public organizations, are building a rail
way which will connect Lake Baikal and the Amur River in Si
beria, and they have built an auto-works on the Kama River. In 
the past, hundreds of thousands of young people went to north
ern Kazakhstan to open up vast tracts of virgin land, and still 
earlier, back in the 1930s, young men and women formed volun
teer teams that built one of the first Soviet iron and steel works 
at Magnitogorsk.

At some point in the history of any country, when its people 
espouse common goals, rally for mass voluntary action.

The size of the population cannot continue to grow indefinitely. 
But as to the development of humanity over centuries and mil
lennia, the Russian scientist Konstantin Tsiolkovsky was quite 
right when he made this prediction:

Mankind will not be earth-bound forever. It will, in pur
suit of light and space, take the first timid steps to pene
trate beyond the atmosphere and will go on to conquer all 
near-solar space. (20)

Today it is difficult to say for sure how people will use the re
sources of outer space. This is an inexhaustible subject of specula-
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tion in scientific forecasts and science fiction. In principle, howev
er, it is possible to utilize the substance of asteroids, to construct 
large manned space stations and to create a livable environment 
on other planets. There is no use guessing about how these ven
tures will materialize. But even today, long before the resources 
of our planet have been exhausted, a trail has been blazed for 
long-distance space travel, and to other planets of the solar sys
tem.

It is commonly believed that only a limited number of indi
viduals will be able to go on space missions. This, of course, is 
true only for the near future. By the same token, could anyone 
living in the early 16th century, when the first score or so of 
people left Europe for the newly discovered America, foresee that 
they would be followed by millions of settlers, and that as a result 
many new states would emerge, with a combined population of 
hundreds of millions of people? Thus, the population of the earth 
and the number of human beings in the distant future are, in our 
view, entirely different things.

Now we set ourselves the task of examining the next phase 
in humanity’s development—within the limits of our planet and 
over the period of the 21st century.

What conditions are actually necessary for people’s existence? 
The spectrum of our vital needs is very wide—from food, shelter 
and clothing down to our need to socialize with fellow humans, 
to have an education and to enjoy the arts. To illustrate, we shall 
concentrate only on those material and physical (or rather physi
ological) needs whose satisfaction is connected with the natural 
environment and its resources. In their more general form, these 
requirements can be summed up as the needs for living space, 
for food, for various kinds of materials and for energy. Their sat
isfaction depends on the use and consumption of natural re
sources and on definite characteristics of the environment (the com
position and temperature of the air, availability and composition of 
water) which make the existence and activity of people possible 
(in the broadest terms) and comfortable (in narrower terms).

Thus it is quite possible that in the future the limits of the re
sources of our planet and all the elements of the natural environ-
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ment may impose certain constraints on population growth and 
consequently on the growth of both production and consump
tion.

RESOURCES

We obtain food, materials and energy from available sources, 
with no one particular source of decisive importance satisfying our 
requirements.

For our nourishment we require substances that can be found 
in meat, but it does not have to be the mammoth meat our an
cestors ate thousands of years ago. It is important to have mate
rial to make clothing, but this need not necessarily be cotton—and 
so on.

To satisfy our needs we use different kinds of primary mate
rials, substances that lie close to the surface of the earth, and, of 
course, energy. This, however, is not an irrecoverable expenditure 
of material in general. In the process of our work, after a certain 
amount of energy has been expended, substances are transformed 
from one into another. With this, as we shall see later, the natu
ral geochemical cycle on our planet changes, too.

The amount of substance that our planet loses irretrievably 
through human activities is negligible, and is basically connected 
with the production of thermonuclear and atomic energy or with 
the launching of spacecraft into outer space. This amount con
stitutes but a small portion of the total mass of substances con
tinually being exchanged between our planet and the cosmos.

In the upper layers of the atmosphere, the planet loses several 
hundreds of tons of various gases to outer space every day. Mean
while, it receives several thousands of tons of matter in the form 
of meteorites, meteoric dust and other particles that fall on its 
surface.

But, unlike matter, energy within our planet is spent irretriev
ably. After being used, in whatever form of work, energy is final
ly converted into heat, which is then dissipated throughout the 
environment. This in turn somewhat changes the heat balance 
of the earth; and further, heat is radiated into outer space.

As we mentioned before, there are renewable and nonrenewable 
natural resources. Not only is the total reserve of each nonrenew-
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able natural resource being expended irrecoverably, but at the 
same time, each of the renewable natural resources is being con
sumed at a higher rate than it is renewed. Consequently, the pos
sibility of their further utilization is also shrinking.

But does this mean that society will have fewer possibilities of 
satisfying its requirements, as Malthus and all his followers claimed? 
No, not at all. In fact, the entire history of humankind has 
proved the contrary, namely that these possibilities have continu
ously been growing, as they depend not only on the availability 
of individual sources of energy, but also on a second, crucial fac
tor, that is, on how this or that source is used.

This changes the situation drastically. The natural resources 
which today enable man to secure rich harvests of different crops, 
utilize ores containing different metals, etc., existed back at the 
time when our ancestors procured their food by hunting and by 
gathering the fruits and roots of the forest. The point is, however, 
that in those days these natural resources just could not be used. 
It took hundreds of thousands of years for people to develop the 
appropriate modes of agricultural and industrial production.

Early in this century, Lenin said that the Malthusian

“law of diminishing returns” does not at all apply to cases 
in which technology is progressing and methods of produc
tion are changing; it has only an extremely relative and 
restricted application to conditions in which technology re
mains unchanged. (5)

The continually changing and improving methods of production 
lead to a more effective use of the same natural resources, and, 
in addition, draw into the production process ever newer natural 
resources, thus opening up essentially new possibilities of satisfying 
different needs of society.

With due consideration for these circumstances, let us examine 
i he possibilities for the satisfaction of certain basic requirements of 
mankind.

Habitat. Our planet cannot change its size, but the possibilities 
l or accommodating the expanding population are growing all the 
lime.
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A modern city accommodates such a large number of people as 
would have been impossible in a primitive community. The ac
commodation of such a large population in comfortable housing 
has been facilitated by technological progress in such vital areas 
as housing construction, communications, transport, food sup
ply, etc.

There are different opinions on the advantages and shortcom
ings of life in large cities, compared to rural communities. But, 
owing to the operation of certain socio-economic factors, the pro
portion of the urban population in all countries is growing steadi
ly. As for the difficulties of urban life created by air and noise pol
lution, etc., these are not the inevitable adjuncts of a large dense
ly populated city, but rather are the result of various socio-eco
nomic and technical factors that can be eliminated.

It has become possible to build large cities in places which were 
previously considered unfit for human habitation. For example, so 
large a city as Norilsk (population about 200,000) has been in 
existence for more than twenty years in the tundra within the 
Arctic Circle, whereas some 70 or 100 years ago a community like 
this would have been unthinkable.

It is difficult to say what population density is considered op
timal, or at least acceptable, for there are no objective criteria for 
this based on the biological characteristics of the human organism 
similar to the criteria which have been developed for food or for' 
the microclimate of the human environment. Differences in the 
social and historical development of various countries have result
ed in a tremendous difference in the density of their populations. 
In Belgium, the Netherlands and Japan, people feel no discom
fort in spite of the fact that population density in their countries 
is 300 times as great as that in Australia (where it is 1.5 person 
per square kilometer). In living standards, life expectancy, and 
health, the Australians in no way differ from those of the Bel
gians, the Dutch and the Japanese. But, as is well known, there 
are other problems in each of these countries which have nothing 
to do with population density. For example, congestion in 
Singapore, about 3,600 people per sq km, is clearly excessive.

It is difficult to say exactly what population could be accommo
dated on our planet at the present level of municipal services, com
munications, etc., without a damaging infringement on the estab-
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lished requirements and habits of modern people. But it is even 
more difficult to estimate the possibilities and requirements of the 
society of the future.

There is, naturally, a physical limit to population, determined 
by the size of our planet. Its upper “absolute” limit, absurdly 
high, has been estimated. The land surface can accommodate a 
population which must not exceed 1014 people.

But if we suggest a more realistic figure, immediately we come 
up against the question of how much space will be necessary and 
sufficient for humanity’s existence in the centuries to come. And, 
of course this immediately raises the socio-political problem: who 
will establish such a “quota”, and how? Therefore, today, one 
can make only an approximate and subjective assessment. We 
think Baade’s estimate of about 65 billion people as the maxi
mum population that our earth can support can be taken as the 
basis (so far we have been discussing only the possibility of popu
lation distribution, the sufficiency of our planet’s space resources) . 
This estimate arises from the fact that over half the land surface 
people could distribute themselves to a density as high as that 
in modern big cities today, leaving the other half of the land 
“free” for agricultural uses, for rest and recreation, etc.

Another estimate would calculate that 15-20 billion people 
could be distributed over the entire land surface fit for habitation 
(about 50 million square kilometers, according to modern con
cepts), if the population density were to average as high as that 
in Belgium, the Netherlands and Japan, i.e., about 300 to 400 
people per square kilometer.

This estimate gives the lower limit of the figure we are looking 
for. Why? In the first place because it is based on our present 
ideas about the possibilities of technology and population distri
bution (notably, these ideas are changing, allowing for higher 
population density). And secondly, because a much denser popula
tion already inhabits sizeable portions of the earth, many people 
living in one such place all their lives. One example is the indus
trial zone of Japan, where the density of population equals 2,000 
persons per square kilometer. Another is the north-east part of the 
United States.

However, owing to technical progress the potentials for distri
bution of people over the land surface are growing all the time.

3—2300
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The present density of population in large cities has not neces
sarily reached its limit. Buildings in our cities are growing taller 
and taller, and there are technically feasible projects for houses 
hundreds of meters tall.

It is not only the land surface that is fit for habitation. We can 
imagine communities situated on floating platforms in the open 
sea or on piles driven into its bottom, on the continental shelf. 
We can even imagine comfortable homes built on the ocean floor, 
or even under the surface of the earth.

I do not regard such ways of settlement necessary or even de
sirable. What I want to say, however, is that the available space 
on our planet is not the immutable or strictly limited resource it 
may well seem to be. The same amount of space can, at different 
levels of technology, accommodate different populations. At the 
present level of technological development, the land surface of 
our planet could accommodate no less than 30 billion people to 
even 40 billion people—i.e., approximately ten times the popula
tion of the earth today.

At the present rate of growth of the population its maximum 
size could be reached in about 100 years. The question suggests 
itself, will this high rate of growth continue? As a matter of fact, 
this is basically a social problem. The scientifically substantiated 
data on the connection between a rising birthrate and the rising 
level of cultural and economic development can give us a good 
reason for saying that in the future the high birthrate in some de
veloping countries (that determine average world growth rates) 
will go down. If the social and economic conditions in the develop
ing countries do not change, if their level and rate of economic 
development do not rise considerably, and if their current policy of 
family planning fails to yield the expected results (since this is 
improbable anyway), then these countries may face an economic 
crisis.

Besides considering the world population as a whole, it is also 
important today, and will be still more important tomorrow, to 
take account of local peculiarities in the distribution of the popu
lation on our planet, and of the possibility that very large numbers 
of people will be concentrated in certain areas, etc. Gould all 
these phenomena and space resources in general create difficul
ties in the development of society in some countries and in the
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world at large, long before the size of the earth’s population has 
reached its limit?

Overpopulation and congestion in immense megalopolises, the 
uneven distribution of production facilities over the territory, and 
consequently of the population, plague many countries today.

For example, in Japan, with its very high average population 
density (about 400 persons per square kilometer), 90 percent of 
the population is concentrated on 10 percent of its territory.

Thus, limited space resources on the earth have never created 
any major difficulties (except in a very few places on our planet) 
for the development and numerical growth of the population. 
This, however, does not mean that sometime at the end of the next 
century such difficulties will not emerge on a global scale, par
ticularly if the population continues to grow at the present rate, 
and if the way in which population is distributed does not change 
fundamentally.

A society which consciously plans its development will be able 
to overcome these difficulties by making optimal use of space re
sources, and, if necessary, by appropriately limiting the size of 
its population.

Food. Food supplies for the growing populations of our planet 
are a matter of the greatest concern to all those who think 
about the future of mankind. With the production of food growing 
throughout the world, the mode of producing food has been chang
ing, too. One such change was the transition from the gather
ing of fruits and the catching of small animals to true hunting. 
The introduction of this new more efficient mode of food produc
tion enabled human society to support a much greater popula
tion without increasing its territory and released part of its labor 
resources for other needs.

The next stage—the transition from hunting to stock-breeding— 
sharply raised the effectiveness of food production still further. 
Now it took only five percent of the territory to support the same 
number of people. The share of socially useful labor necessary for 
the production of the necessities of life was also much smaller 
than it had been before.

The transition from livestock-breeding to crop-raising again

3*
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reduced by 20 times the territory necessary for the per capita 
production of food and reduced still further the expenditure of 
labor resources.

The methods of food production also changed. Farming tech
niques developed continuously, and the proportion of the popu
lation engaged in agriculture consequently became smaller. At 
present this process is particularly active in the advanced coun
tries.

The per capita production of food (the world’s average) is 
also increasing, although somewhat more slowly than the produc
tion of other types of goods. In the developing countries, more
over, this growth is insignificant, and at times alternates with 
a sharp drop.

Over the past several years, new possibilities for food produc
tion have opened up. This is due in part to the introduction of 
new high-yield varieties of rice and other crops.

With this seemingly satisfactory general situation in food pro
duction on earth, many countries—especially the developing coun
tries and, in a lesser degree, some of the advanced capitalist coun
tries—nevertheless suffer from an acute shortage of some foods. 
How is this accounted for?

Unlike other needs, such as a dwelling, living space, and clothes, 
the importance of the quality and quantity of food neces
sary for human survival is well known. The results of medical 
and physiological research have long since established the opti
mal norms of food-intake for people of different age groups, 
in different occupations, and in all climatic zones of our planet.

Consequently, the possibilities for food production and for sat
isfying worldwide requirements for food have been estimated, 
and reasons for the shortage of food, malnutrition and starvation 
in different parts of the globe established.

Food production depends on the natural conditions in various 
parts of the globe and on methods of production. It also depends, 
in large measure, on the economic and social factors operating 
in different countries, and on the existing level of technical prog
ress.

Satisfaction of the global need for food depends, naturally, not 
only on the volume of its production but also on the mode of its 
distribution—on trade, prices and other purely social factors.
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A concise review of the effects of these factors—which, 
incidentally, accords with the results of the research carried out 
by many other scholars—is given in a report in 1975 to 
the Club of Rome prepared by a group of scientists under 
the guidance of Prof. Hans Linnemann at the Institute of Eco
nomics and Social Studies of the Free University of Amster
dam. (39)

It says, among other things, that the possibilities for food 
production in the world today are used only to a very slight 
degree. Thus, of the arable land of our planet only about 41 
percent is used for farming (from 17 percent in Latin America 
to 88 percent in Western Europe).

And, further, this arable land yields about 3-4 percent (from 
13 percent in Japan to 0.8 percent in Tropical Africa) of what 
it could produce if the modern and progressive farming methods 
of agriculture in advanced countries could be introduced in all 
farm fields pn our planet (including the application of fertilizer 
in sufficient quantities, pest control and soil amelioration; the 
use of high-yield crops, etc.). Significantly, according to other 
researchers, the actual production of food is not far behind 
(15-20 percent) its potential production.

Earlier calculations made by the World Food and Agriculture 
Organization showed that the progress achieved in farming, should 
it be extended to all countries, would be sufficient to fully satisfy 
not only the needs for food of the present population of the world 
but also the needs of a population two or even three times as 
large (about 10 billion).

Finally, according to some research, the actual production of 
food in the world is quite sufficient to satisfy the present size of 
its population.

The present levels of world food production are high 
enough to provide everyone with an adequate diet if food 
were distributed equally among all people, reads Prof. 
Linnemann’s report and continues: Hunger and starvation 
occur because food is distributed by and large on the basis 
of income or buying power; hence, levels of food 
consumption differ widely between countries and between 
people. (39, p. 4)
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The same idea is projected in the State of the Planet Statement 
drafted recently by Dr. Alexander King on behalf of the 
International Federation of Institutes of Advanced Study. It 
reads, in part:

The fact that there is starvation and widespread 
undernutrition today while food supplies are still ample 
demonstrates clearly that the difficulties are essentially those 
of distribution economics and the political system. Food is 
costly to produce, the hungry are poor and unable to 
buy it. . . The present world production of food is about 
1,200 million tons of cereals per annum which, if 
evenly distributed, would allow of 330 kg. per annum 
per capita; the survival level is about 200 kg. per capita. 
(37, p. 15)

Of great importance, as many studies on this problem show, 
is the type of nutrition. In the advanced countries of the West, 
meat is consumed in increasing quantities—ultimately at the 
expense of food consumption in the developing countries.

In their book Human Requirements, Supply Levels and Outer 
Bounds, John and Magda Cordell McHale write that

the further anomaly here is that food aid to the poorer 
regions, in the form of surplus grain, is balanced out by the 
animal feeds imported from them which gives the West its 
better diet.

Much of the animal protein in the Western world, the 
milk, meat and eggs, is produced via livestock feeds 
originating in oil-seed cake from India, fish meals from 
Latin America, etc. This is from the regions most deficient 
in animal proteins. In actual world production, we produce 
enough animal protein for two world populations! 
(40, p. 57)

Similar estimates have been made in a large number of 
research papers that have appeared in recent years.

Of these, the estimate of world food production in the future 
given in the book, Can the Earth Feed the Growing Multitudes? 
by Roger Revelle (USA), merits special attention. He writes that 
if the gross cropped area was cultivated, using appropriate
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technology and irrigation techniques, it would then be possible 
to obtain enough food to support 100 billion people, and this 
amount would be abundantly sufficient to meet the full 
requirements of 50-60 billion people for food. (46)

In the light of these facts H. P. Fairchild’s assertion (see 
pp. 25-26) sounds absurd. It was precisely the technology of food 
production which Fairchild complained about so bitterly, that has 
always grown sufficiently rapidly and that can fully supply the 
present needs of society for food.

The Marquis de Condorcet (1743-1794), mathematician and 
philosopher, one of the ideological leaders of the French Revo
lution, was a lot more farsighted when 200 years ago he wrote 
in his Sketches for the Historical Picture of the Progress of Human 
Reason:

This means that it would then be possible to obtain food 
for more people from the same cropped areas, and also 
that every person on earth while investing less arduous 
labor would have a more balanced and better diet and 
thus be able to satisfy his needs more fully. (47)

If we leave these potential possibilities aside we can still see 
that, (judging from the works of Linnemann and other author
ities), even at its present level food production could meet the 
requirements of the population of the earth, were its resources 
distributed more rationally.

Thus famine, malnutrition and poverty, which plague a large 
part of the population of the earth, can be explained by reas
ons other than shortages of natural resources in individual coun
tries or in the world in general. The socio-political background 
of these calamities of mankind over the entire period of its his
tory has been studied fundamentally in the works of Marx, En
gels and Lenin.

The socio-political causes of famine were examined by Josue 
de Castro, Jacob Oser and Otto Riihle, as well as in some of 
the recent studies mentioned earlier in this account. All of them 
have made it quite clear that, at the present technological level, 
food could be produced in quantities sufficient to support a pop
ulation far greater than today’s, and that, with an equitable dis-
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tribution of resources, the present population of the earth could 
have its needs for food met in full.

Hardly any other reasons, except those of a purely social char
acter, can explain the fact that not only in the developing coun
tries but even in as advanced a capitalist country as the United 
States, which produces foodstuffs in excess of its national needs, 
a certain section of the population suffers from chronic malnutri
tion.

We shall discuss later some measures planned for increasing the 
efficiency of agriculture, especially in the developing countries. 
At this point we must note, however, that they require the output 
of more fertilizers, more herbicides and insecticides, more trac
tors and farm machinery; they also require more land-improve
ment work, which in turn calls for the use of special machines, 
more fuel, etc. In other words, to increase the efficiency of agri
culture means bigger capital investment, bigger inputs of mate
rials, energy and labor in industry.

In the words of Eugene P. Odum, a leading American author
ity on problems of ecology,

those who think we can upgrade the agricultural produc
tion of the so-called ‘underdeveloped countries’ simply by 
sending seeds and a few ‘agricultural advisors’ are tragically 
naive! Crops highly selected for industrialized agriculture 
must be accompanied by the fuel subsidies to which they 
are adapted! (43)

His work shows the approximate correlation of crop yields, the 
input of energy and industrial products (artificial fertilizers and 
pesticides) in India, the United States and Japan.

In Japan, farmers expend 20 times as much energy and 20 
to 30 times as much artificial fertilizer and pesticides (the use 
of which requires more materials, water and energy) as in India 
in order to obtain a crop yield five times as great as in that vast 
country. According to Revelle, it would take $500 to $1,000 per 
hectare to bring uncultivated lands into agricultural use. And the 
cultivation of all the arable land in the tropical zone would cost 
$500 to $1,000 billion.

Worldwide application of up-to-date effectiv methods of farm
ing, and cultivation of only high-yield crops, ; re among the ma-
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ny possibilities to considerably increase the food resources of the 
earth. At the same time, great food reserves in the ocean remain 
untapped.

We mentioned previously some of the important changes in 
the modes of food production in human history ranging from 
fruit and root-gathering to hunting, and then from livestock-breed
ing to land cultivation. But modern fishing, for all the diver
sity and novelty of the technical means used, is still a variety of 
hunting. Essentially, our attitude to the fish population in the 
world ocean does not differ from the attitude of the primitive 
hunter to the game in an area accessible to him.

Meanwhile, commercial fishing has hardly any room left for 
further expansion. For some years now, about 70 million tons 
of fish has been caught in the world ocean annually, while the 
annual increment of the commercially valuable fish population, 
according to ichthyologists, stays within 100 million tons. It looks 
as though the time has come to pass from fish-catching to fish
farming, and in fact to the cultivation of various food cultures 
in the ocean itself. The cultivation of some molluscs and seaweeds 
in coastal waters yields a sizeable proportion of the food we eat.

There are no natural or technical obstacles to the cultivation 
of fish throughout the world ocean. But there are many political 
and economic hurdles in the way of marine fish-farming which 
can be successful only if carried out jointly by many countries.

But what kind of joint measures to cultivate commercially val
uable fishes and other biological wealth of the world ocean could 
be really considered when only recently Great Britain and Ice
land waged an all-out “cod war” that led to a temporary sev
erance of diplomatic relations between these two partners in a 
military bloc.

In future we can expect to use other forms of food produc- 
lion. Interesting opportunities in this respect are offered by the 
development of the microbiological industry, which has made 
considerable headway in the production of feed for animals. 
Production of synthetic food made from nonedibles has been 
proved feasible. There is reason to believe that the present low ef
ficiency of the photosynthetic reaction, which is ultimately res
ponsible for the formation of the entire biological mass on our 
planet, can be significantly increased.
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Hence the conclusion that, in principle, it is possible to satisfy 
the need for food of several dozen billion people, using only the 
resources of the earth. This could be achieved by properly or
ganizing an effective agriculture across the world and by increas
ing manyfold the output of certain industries and, consequently, 
by greatly increasing materials and energy expenditure for these 
purposes.

This is the road the Soviet Union and other socialist countries 
have followed in order to raise the efficiency of their agriculture.

This, or any other, alternative mode of food production in any 
part of the world is determined not by natural but by social and 
political conditions.

Materials. Much of the materials necessary for the satisfaction 
of the needs of people come from the mineral nonrenewable 
resources of the earth.

For many years now, scientists have been trying to estimate 
the overall reserves of mineral wealth on our planet and to pre
dict the time when they will ultimately be exhausted. For example, 
one of the forecasts with regard to the utilization of mineral re
sources was made by W. and E. Woytinsky in the United States 
in 1955. According to this forecast, the resources that were dis
covered prior to 1948 would, at the average per capita rate of 
consumption for that period, last as follows:

Since then important adjustments have had to be made in 
these calculations. First, the average per capita consumption of 
minerals, and consequently total consumption, increased. Second, 
the proven reserves of mineral wealth discovered since 1948 are 
far greater.

For example, in the 1960s oil and gas fields were discovered 
in northwestern Siberia and later in Alaska. Also, in many parts 
of the world, new large deposits of useful minerals were found.

Reserves of Last'until

oil
iron ore
copper
lead

1972
2150
1995
1983 (57)
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So far the proven reserves of minerals, both per capita and 
worldwide, have been growing all the time. Thus, none of the 
earlier forecasts have been borne out.

How long will the proven reserves of mineral wealth grow? 
This process cannot go on indefinitely. The earth has a limited 
size, and consequently the volume of any mineral resource it con
tains is also limited. Here, however, one thing must be borne in 
mind, namely that geological surveys has been carried out on far 
from the whole of the land surface, and those done only to a 
depth of three or maximum five kilometers.

It has been proved over the past several years that minerals 
are stored in great abundance on the ocean floor and beneath it. 
We have every reason to expect that in the future these vast 
known reserves of many minerals, if not all of them, may also 
be augmented.

How efficiently can these reserves be utilized? In spite of the 
fact that oil is so valuable, only about 30 or 50 percent of its re
serves can actually be extracted. Similar losses are sustained in the 
mining of many other minerals. It has been estimated that for 
every person living on earth hundreds of tons of rock are brought 
up to the surface annually, and only a few tons of this amount 
go into the making of goods and materials. By raising the effi
ciency of the extraction and utilization of mineral wealth, we 
shall save much of the valuable material that now goes to waste.

Another way is to utilize secondary raw materials. Even now 
a considerable part, that is 30 to 40 percent, of the metal goods 
we use is made of metal which has already served man in one 
form or another. Old newspapers and rags go into the making 
of paper, etc.

Even at this early stage, materials have entered a kind of cir
culation process, with multiple recycling of the same amount 
of substance that comes in different forms and is used for differ
ent purposes. Obviously, every new cycle of utilization requires 
a certain expenditure of energy. We must also take account of 
the inevitable loss, through dispersion, of a certain amount of 
matter to the environment.

It is worthy of note that, with technological advance, each of 
the substances extracted from the natural environment is used 
to satisfy more and more needs; and, conversely, it is becoming
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possible to satisfy each of these requirements in various ways.
Finally, we must keep in mind the growing possibilities for 

the conversion of substances in general, i.e., the possibility 
of making any product and any commodity from any raw ma
terial.

In the distant future this will lead ultimately to a situation in 
which the raw material reserves in the world will be measured in 
terms of the convertible mass of our planet.

It is difficult to estimate the necessary and sufficient amount 
of materials that we might need, although even now we can say 
with a fair degree of certainty that difficulties standing in the 
way of continued population growth, or increased per capita con
sumption due to shortages of materials, may develop much later 
than problems arising from a shortage of habitable space on our 
planet.

This does not mean that local difficulties will not arise. The 
uneven distribution of natural resources, particularly mineral 
wealth, results in shortages in one part of the world and over
abundance in another, even today. But such problems can be 
resolved and are in fact being resolved through trade.

Energy. The production of energy is growing rapidly, both per 
capita and in total. Even faster is the growth of potential for 
energy generation, determined by the available energy resources 
and the currently used methods of utilization.

Will there be difficulties with energy resources? Is the cur
rent energy crisis a manifestation of a conflict between the growing 
requirements of society and the limited amount of natural re
sources?

About 90 percent of the energy we use today comes from fos
sil fuel—oil, coal and gas, just a few percent from nuclear fuel 
and about five percent from hydro-resources, all of which, in the 
final analysis, are a transmuted stream of solar energy.

Despite the intensive utilization of oil, gas and coal, and the 
above forecasts, their proven reserves are increasing both overall 
and per capita. The colossal reserves of coal in the United States 
are almost untouched because this would require unjustifiably 
high outlays, according to investors in that country. Most of our
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readers know that the energy crisis is the result not of the de
pletion of the world reserves of energy resources but the re
sult of a crisis in the economic relations between the capitalist 
and the developing (mostly Arab) countries.

It goes without saying that the reserves of oil and other types 
of conventional fuel are limited. Nevertheless, they are being de
veloped, and will continue to be over centuries to come, at a 
much more rapid rate than other sources of energy. Uranium 
and thorium are used for obtaining nuclear energy, and there are 
almost unlimited reserves of raw material for producing ther
monuclear energy. Physicists in a number of countries are moving 
closer and closer to the solution of the problem of utilizing ther
monuclear energy for peaceful purposes; the final solution of 
this problem is, practically speaking, only a few years away.

Technological progress in exploration and utilization of outer 
space has stimulated the development of solar batteries and 
other means of using direct solar radiation. The efficiency of 
these devices is rising gradually, and production costs are 
going down.

Another important reserve of energy is subterranean heat. 
Hot subterranean water is used to heat several cities in Italy 
and in the Soviet Union, although the amount of water used 
for this purpose is infinitesimally small compared to the huge 
reserves that exist. There are technically feasible projects for 
power plants using water, or any other liquid that could ab
sorb heat at a depth of several thousand meters and then yield 
it up at the surface.

There are also suggestions for special energy generators in 
the tropical regions of our planet, designed to exploit the 
15-20°C difference there between the water temperature some 
1-2 km deep inside the ocean and that at the surface.

Experimental tidal hydropower stations have been at work 
in the Soviet Union and France for several years. From time 
immemorial wind mills and water pumps have operated using 
the power of the wind.

Today the use of hydrogen for the production of energy is 
a scientific breakthrough that will have far-reaching consequen
ces. Hydrogen is the ideal fuel, because the only product of its 
combustion is water, which does not pollute the environment.
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Modern internal combustion engines could be run on hy
drogen with but very small alterations in their design.

But to obtain hydrogen itself by, say, decomposing water, 
energy obtainable from other sources is needed. Until recently 
it was believed that such sources could be power plants operat
ed on mineral or nuclear fuel, in much the same way as today. 
But recently biologists discovered a biochemical method of ob
taining hydrogen, utilizing the vital activity of some microscop
ic seaweeds, i.e., by using solar energy. Preliminary estimates 
show that, given a chance to breed in unlimited numbers in a 
large lake, these bacteria could meet the energy needs of the 
whole world.

By making fuller use of natural energy resources, society could 
sharply increase the energy-per-man ratio. But that is only one 
way of raising the energy potential on earth. Another, and a 
very important one, is by increasing the efficiency of producing, 
converting and utilizing energy.

So far all our means of energy production have been rather 
ineffectual. Thus the generation of electric power at thermopow
er stations entails a loss of at least 70 percent of the chemi
cal energy contained in the fuel. Further losses are incurred 
in the transmitting and utilizing electric power. Also low are the 
efficiency ratings of car motors and other engines which make 
direct use of the energy of fuel.

Last but not least, the expenditure of energy in the final 
stage of its utilization in the technologically advanced countries, 
and particularly in the United States, is nothing short of waste
ful, particularly as it concerns transport and household needs. 
It is only now, with the energy crisis affecting more and more 
people in the advanced capitalist countries, that the ill effects 
of the excessive use of trucks at the expense of the more econom
ical railway transport, and of insufficient heat insulation in 
houses, have come in for close scrutiny by both scientist and 
layman.

Despite all that, energy consumption per unit of industrial 
production is going down as the result of increasing efficiency 
in the production and transformation of energy in various sta
ges. Thus, in the near future, it is expected that magnetodynam
ic generators with an efficiency of 50 to 60 percent will be



THE LIMITS OF THE POSSIBLE 47

in use. The utilization of super-conductivity will reduce the loss 
of energy in generation and transmission. And there are many 
more ways of cutting down on the waste and irrational use of 
energy.

Significantly, humanity has never at any stage of techno
logical progress suffered from a shortage of energy resources. On 
the contrary, people have always developed some new method 
of obtaining energy long before restrictions on the old source 
were imposed due to depletion of its reserves. That is exactly 
how the problem stands today, and there is every reason to be
lieve that during the next 100 to 200 years no restrictions on 
humankind’s growth and development because of depletion of 
natural energy resources will even have to be considered.

At the same time, the energy problem may still create serious 
difficulties and may even set limits to humanity’s development 
on earth. It is not a shortage of energy but its excessive con
sumption that might lead to such a situation.

As has already been noted, the existing permanent energy 
generators have a combined power of 109 kilowatts, which con
stitutes about 0.01-0.09 percent of the power of the solar energy 
that reaches the surface of our planet. It should be borne in 
mind that the production of each kilowatt of electricity at ther
mal power stations (including nuclear stations) is accompanied 
by the emanation of two or three additional kilowatts of heat, 
because of the low efficiency of heat engines, and also by the 
discharge into the atmosphere of great amounts of carbon dioxi
de and other gaseous and aerosol pollutants which come from 
all types of fuel except nuclear fuel. The electric power, used for 
any purposes, is ultimately converted into heat. The release of 
additional heat and the discharge of combustion products can 
induce hazardous environmental changes.

THE NATURAL ENVIRONMENT

The natural environment as a concept is very broad. In fact 
the term should stand for the entire known universe. However, 
in this account we shall confine ourselves to the planet Earth, 
and primarily to those of its parts which at present or in the 
near future may be affected by activities of human beings.
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Far from trying to give a general description of the planet, 
of the various physical phenomena that take place on it, we 
shall dwell on some of the peculiarities of its structure, and 
phenomena which the reader might find interesting.

The sold body of the earth, the lithosphere, began to take 
shape several (5 to 6) billion years ago, primarily under the 
influence of the forces of gravitation. Its present structure came 
about as the result of the operation of the forces of gravita
tion of the earth’s mass itself and its rotation; of the tidal move
ments of the seas, which in turn result from the gravitation exert
ed by the moon and the sun; and also as the result of the ema
nation of heat, possibly uneven, generated by radioactive fission. 
All these processes are responsible for the changes continually 
taking place in the lithosphere, including changes in its consti
tuent elements. These changes in the lithosphere (continental 
drift, mountain formation) are very slow indeed, and their re
sults become evident only after a lapse of hundreds of thousands 
or even millions of years.

At the same time, these gradual changes in the lithosphere 
build up mechanical stresses in small areas, or result in molten 
rocks causing sudden and precipitous events—earthquakes, vol
canic eruptions, geysers, etc.

So far, no quantitative theory of the processes taking place in 
the lithosphere has been formulated, and they are objects of 
numerous, often antithetical hypotheses. Moreover, there is 
hardly a chance that people could actively interfere with these 
processes in the future.

The upper layers of the earth’s crust, its surface and its soil, 
and the waters of its dry lands and ocean, and its entire atmo
sphere, including those of its regions that merge into near space, 
form the biosphere. It is called biosphere not only because it is 
the zone where life exists, but also because many of the processes 
that take place in it and determine its state are closely relat
ed to the phenomena of life. The biosphere is the very environ
ment which affects human activities and which, in turn, is sub
jected to their influence.

The main source of energy of all'the natural and many of 
the anthropogenic processes in the biosphere is solar radiation, 
which reaches the earth in the form of visible light and infrared
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radiation. This sufficiently stable stream brings to the upper lim
its of the earth’s atmosphere 1.92 calories per square centimeter 
every minute (i.e., its power is 6xl013 kw). The clouds that 
cover 70 percent of the earth’s surface reflect about 50 to 60 
percent of this radiation back into outer space. A comparatively 
small part of solar radiation is absorbed by the atmosphere, which 
gets heated in the process, while the remaining radiation of a 
little over 1013 kilowatts reaches the earth’s surface. The surface 
also reflects part of the radiation (snow about 80 percent, the 
ocean about 15 percent, the soil, forest and other elements 20 
to 30 percent, and the earth’s surface as a whole about 35 per
cent) and absorbs the rest. This absorption is accompanied by the 
heating of the land and the ocean and all objects on their sur
face. It is also accompanied by photosynthesis in plants, which 
is ultimately responsible for the formation of the entire biomass 
on our planet, by evaporation of moisture, and many other phe
nomena.

Heat emanating from the earth’s surface is transmitted in a 
variety of ways to the atmosphere.

The difference in solar heat between the tropics and the polar 
regions, between the ocean and the land, creates the circulation 
of the atmosphere. It works roughly like this: air in the tropics 
is heated, rises high above the earth’s surface, and flows into the 
cold polar regions, where it cools off and descends. The reverse 
movement, in the lower regions of the atmosphere back toward 
the equator is much more complicated because of the deflecting 
effect of the earth’s rotation, as well as the existence of mountain 
ranges, special subsystems of atmospheric circulation between 
land and ocean, etc. Various types of feedback are also involved in 
this kind of circulation. For example, clouds form due to evap
oration over a heated region and screen that region from fur
ther solar radiation. The sun-warmed waters of the ocean are 
transferred by currents to its different parts, thus creating new 
sources of heat, etc.

At the same time the entire system of atmospheric circulation 
maintains a certain mobile, yet stable, equilibrium. This can be 
judged from the stability of climate in any part of the world. 
We regard recurring atmospheric fluctuations around this fixed 
5‘normal” pattern of circulation as changes in weather.

4—2300
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Meteorological events are extremely powerful. The power re
leased during one such occurrence, lasting about 10 hours and 
forming large thunderstorm clouds or hail clouds, is measured 
in scores of millions of kilowatts. The movement of air masses 
determining the weather over a territory about one thousand ki
lometers in diameter, and lasting several days, has a power of 
hundreds of millions of kilowatts.

An important element of atmospheric circulation is the cir
culation of moisture. About 450,000 cubic kilometers (cu km) of 
water evaporate from the surface of the world ocean every year. 
More than 300,000 cu km of moisture precipitate back into the 
ocean, and the remaining 100,000 cu km precipitate over the 
continents and feed rivers. It should be added as a characterization 
of moisture circulation that the atmosphere at any given moment 
contains 14,000 cu km of water, all the rivers— 1,200 cu km, the 
lakes—280,000 cu km, all living organisms—about 10,000 cu km, 
the world ocean— 1,400,000 cu km and the glaciers—24,000 
cu km.

The expenditure of energy on evaporation and release of mois
ture during condensation constitutes a substantial part of the 
energy balance of the atmosphere.

Certain features of climate and terrain, the condition of sur
face water and soil determine the biogeocenosis of every region of 
the world. On the other hand, the association of living organisms, 
the biota [the flora and fauna], if viewed over long periods of 
time, play a part in creating rock and soil, alters the composition 
of the atmosphere and hydrosphere, and affect the climate and 
structure of the planet’s biosphere.

In the process of photosynthesis, solar energy and substances 
on the earth’s surface yield about 180 billion tons of vegetable 
biomass (in dry weight) and about 300 billion tons of oxygen. 
The plants absorb and evaporate about 30 thousand cu km of 
water, that is, about 50 percent of the entire water evaporating 
from the land surface.*

The relative contribution of the basic elements of the bio
sphere to the creation of the biomass can very roughly be shown 
as follows: N

* Most of the solar energy absorbed by plants is expended in trans
piration and only a small percentage of it in photosynthesis.
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the world ocean, with a total surface area of almost
360 million sq km ........................................  43%

the tropical forests with an area of about 10 mil
lion sq k m ...................................................  29%

meadows and grassland (approximately 42 million
sq k m ) ..........................................................  10%

the forests of the temperate zone (about 25 mil
lion sq k m ) ...................................................  10%

farmland (about 14 million sq k m ) ......................  8%

The biomass provides food for the entire animal world, in
cluding humans. The oxygen produced by plants makes up for 
that removed from the atmosphere by the living organisms which 
breathe it (except for anaerobic organisms which constitute a 
negligible part of life on earth), and also that used up in the pro
cesses of oxidation in the inanimate world.

The top regions of the biosphere—the higher layers of the 
atmosphere that gradually merge into near space—have but very 
little matter. The photochemical and electromagnetic processes 
taking place in this zone consume negligible amounts of energy 
compared to the forces operating in the terrestrial regions of 
the biosphere. Nevertheless, these processes are also of essential 
importance.

As noted above, the greatest part of solar energy comes to 
the earth as visible light and in the near region of the infrared 
range. A relatively insignificant part of solar energy falls as ul
traviolet, X-ray and gamma-ray radiation and in streams of 
atoms and atomic particles. Unlike visible light, this part of the 
stream of solar energy and matter is highly variable. The radiation 
of the invisible stream of solar energy is largely the result of va
rious phenomena known by the collective term “solar activity”. 
This includes the formation of sun spots, protuberances and other 
processes.

These streams of energy and matter do not reach the earth’s 
surface. Some of them are charged atomic particles which are 
arrested by the magnetic field of the earth and are accumulated 
in the so-called radiation belts, and others cause ionization of the 
atmosphere at altitudes ranging from forty to hundreds of kilo
meters, creating what is known as the ionosphere. Consisting of 
several layers of ionized air the ionosphere repeatedly reflects the

4*



52 E. FEDOROV

short radio waves, making possible radio communication over long 
distances. Ultraviolet radiation forms ozone in the atmosphere, 
a gas which reaches maximum concentration at an altitude of 
about 30 kilometers. Ozone serves as a kind of screen that pro
tects the earth’s surface from excessive ultraviolet radiation, which 
is harmful to all living things.

The entire structure of the atmosphere’s upper regions is af
fected by precisely these unstable forms of solar radiation. Con
nected with these are magnetic storms, the polar auroras, dis
turbances in radio communication, and other phenomena. These 
unstable forms of solar radiation directly or indirectly affect the 
lower regions of the atmosphere, and possibly the condition of 
living beings.

We have mentioned only some of the best known processes 
operating in the biosphere. All of them, just as millions of other 
lesser known phenomena, are interconnected in a wide variety 
of ways, sometimes in a most surprising fashion.

These interrelationships, which have been developing over a 
very long time, have made the entire biosphere into a very com
plex system, whose mobile and ever-changing elements balance 
each other out.

This state of the biosphere is called “natural equilibrium”, a 
term which is often used in books and articles on problems of 
ecology and environmental protection. Appeals to save “natural 
equilibrium”, and numerous examples of upset equilibrium and 
its aftereffects, would fill many volumes. ^

It is true that people have always disturbed and are still dis
turbing the equilibrium of the natural environment and have 
always exerted pressure on the biosphere.

As we mentioned earlier, this influence boils down to three 
main forms: changing the structure of the earth’s surface (plough
ing the steppes, cutting down forests, land improvement, cre
ating man-made lakes and seas, and influencing the surface water 
system in other ways); changing the composition of the biosphere 
which means in effect changing the balance and circulation of 
constituent substances, through extraction of minerals, creation 
of spoil banks, discharge of various substances into the atmo
sphere and into water bodies, and through changes in moisture 
circulation; and lastly, changing the energy balance (including
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the heat balance) of individual areas, and of our planet as a 
whole.

Each of these actions disturbs one or more elements of the 
complex of natural processes that has affected the environment 
over the last geologic epoch, one or more elements of “natural 
equilibrium”. At present, these disturbances often go far beyond 
the natural fluctuations of the elements of the biosphere. Some 
of these changes, especially the pollution of the natural environ
ment, are clearly detrimental to all human beings. One can as
sume that even today (or in the very near future), irreversible 
changes are taking place in the entire complex of natural pro
cesses.

Ecologists persist in their belief that the development of society 
(population growth, growth of production and consumption) will 
inevitably have negative effects on humans. These consequences, 
in combination with the depletion of resources, amount to what 
is termed an ecological crisis.

The transformation of the environment in the course of pro
duction by society is inevitable. Not only human society but in 
fact any form of life affects nature with its activity. The present 
state of our planet (the oxygenous atmosphere, the presence of 
sedimentary rock, etc.) came about largely under the impact 
of organic life.

How should we regard the disturbance of natural equilibrium 
caused by the spread of plant life—as a progressive phenomenon, 
or as a degradation of the environment? If judged in terms of 
life in its present form, the emergence of the oxygenous at
mosphere is a positive development.

The British astrophysicist James Jeans expressed the view in 
his book, The Stars in Their Courses (1931) (36), that life in 
the universe is something abnormal, as a kind of disease of aging 
matter. He also said that lower temperature, reduced intensity of 
radiation, and weaker chemical reactions all go to show that the 
matter of our planet is getting senile. But it was precisely in those 
early days of our planet’s existence, when the natural environ
ment was relatively stable, that life could emerge and develop. 
If we followed Jeans’s view on this point, we would have to 
regard the transformation of the natural environment through 
vital activity, just as much as the development of life itself, as
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something negative. However, there are not many of us who se
riously believe that this is so.

On the other hand, if we regard the development of life as 
a “legitimate” and positive process, then the changes which to 
this day stimulate its progressive development, must be regarded 
as beneficial.

The crux of the matter probably lies in equilibrium itself, 
which is the result of geological and climatic processes and of 
the biological evolution that took place long before the emergence 
of people. In other words, natural equilibrium was disturbed at 
the time when humans found themselves outside the pale of 
biological evolution.

Indeed, it is precisely the social development of human so
ciety, which is the highest form of vital activity, that has most 
vigorously stimulated changes in the manner of interaction be
tween humans and the environment, with far-reaching conse
quences for the latter. However, this is one of the features that 
distinguish people from animals and plants.

It would be useless to try to restore the natural, balance that 
existed at the time when human society was still in an .embrionic 
stage. But it would be just as pointless to demand, without re
jecting the development and expansion of mankind, that the 
natural balance should be preserved, unless we consider that 
man’s only goal in life is to guard and conserve the natural en
vironment in its pristine state.

I doubt that anyone would object to the extermination of 
field pests and some other living creatures which are harmful to 
man, or to the reclamation of land from swamps and deserts. 
But a question arises: do human beings harm themselves by act
ing upon their natural environment? Most of the ecologists are 
of the opinion that this is exactly the case. I do not subscribe to 
this view, for the following reason: if our ancestors had turned 
the whole of our planet into a well-cared-for nature preserve 
about 300 to 500 years ago (when they began their massive on
slaught on nature), then modern society would not be able to exist.

Strictly speaking, the balapce of nature is beneficial only to 
primitive tribes, since they live by hunting and by gathering 
fruits and berries and that only if their numbers remain un
changed.
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The existence of all the other forms of social organization, 
including population growth and rising living standards, inevita
bly entails transformation of the environment in the regions of 
human habitation. Gutting down forests, plowing up steppelands 
and turning them into farm fields and plantations, ameliorating 
land, building new cities, organizing industrial production, and 
many other things that inevitably affect the state of the environ
ment, were logical and necessary if society was to develop at all. 
On the whole, all these measures have helped nature to increase 
the production of various substances and materials, such as cer
tain elements of the biomass without which man would not be able 
to exist.

On the credit side, it is necessary to have wildlife preserves set 
up in different parts of the world where natural scenery is not 
affected by people’s activities and where the biocenosis, that is, 
the ecological balance, typical of a particular region is main
tained and closely guarded. This is important not only for the 
purpose of research but also for the preservation of the genetic 
fund of our planet’s biota. A great deal of work must be done to 
preserve all species of animals and plants, and to maintain them 
in sufficient numbers so as to perpetuate their existence.

It is also necessary to have parks and other nature zones that 
are not open to economic exploitation, and are used for the pur
poses of recreation, education or sport. However, it would be 
wrong to try to transform the entire natural scenery of our planet 
into a nature preserve.

Although basically human activities affecting nature have been 
a legitimate and a positive process, there have been many cases 
of action having a negative effect on the natural environment, 
such as wholesale extermination of some animal species through 
uncontrolled hunting; the disintegration of soil through the mis
use of the land, mostly because of crippling one-crop cultivation 
and overgrazing; and the destruction of forests which play a major 
role in preserving our water resources. Another major side 
effect of our interference with the environment is the pollu
tion of the atmosphere, the rivers, the seas, the world ocean and 
the soil, creating grave health hazards. Press reports and books 
abound in descriptions and studies of this sort.

Are these adverse effects of man’s interference with the natu-
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ral environment inevitable concomitants of the population growth 
and the development of production, as is asserted in many eco
logical studies? Will they create an obstacle to the development 
of society? Is technical progress to blame for the pollution of the 
natural environment?

It is true that many technological processes and new types of 
production introduced in the chemical industry (production of 
synthetic fibre, detergents, chemical fertilizers, petroleum prod
ucts, etc.) have sharply intensified the pollution of the envi
ronment in industrially advanced countries. On the other hand, 
the same technological progress creates many opportunities to 
prevent environmental pollution. To prevent the discharge of 
pollutants into the atmosphere, the rivers and the sea, new and 
efficient waste-treatment facilities have been designed and put 
into service, though as yet on a very limited scale. An illustration 
of this is provided by the purifying installations used at the pulp- 
and-paper mill on Lake Baikal in the USSR.

An elaborate system of radioactive waste decontamination and 
disposal has long been in operation at all USSR plants which 
produce and use nuclear fuel. In fact, the great danger of ra
dioactive contamination and the attention given to its prevention 
have made nuclear power production practically the cleanest and 
safest of all.

However, purification is not the only, and in fact, not even 
the principal method of preventing pollution. Technical prog
ress has long since made it possible to completely utilize all sub
stances involved in any technological process. There must be no 
waste in whatever form. This basic social need is dictated not 
only by considerations of cleanliness but also by considerations of 
efficiency of production, and rational utilization of all resources.

Scientific and technical solutions to such problems have either 
been found or are being sought. “Clean” and “dry” production 
methods that require but little water have been implemented 
in the pulp-and-paper industry, in the extraction of useful ele
ments from polymetallic ores, and in the practically complete 
utilization of timber in storing and treatment operations. And 
sulfuric acid has long been produced from sulfur dioxide (a by
product of cellulose treatment).

A great deal of progress has been achieved in developing va-
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rious biological methods of exterminating agricultural pests, to 
replace those of the chemical preparations that kill off all living 
things. The progress made in this direction inspires confidence 
that the natural environment can be protected from industrial 
pollution.

The main problem is a financial one, because the remodelling 
of industry to obtain ecological purity in production processes 
requires very large investments, comparable to the military budgets 
of the technologically advanced nations over a period of five to 
seven years. According to Barry Commoner, the United States 
would require about $600 billion to effect such transformations.

Now, whether or not society is actually prepared to spend 
that much money for such ends is a purely sociological question.

In the future, however, humankind will face the difficult prob
lem of having to neutralize the effects of the energy which it 
generates and consumes on the heat balance of our planet, and 
eventually on its climate. The production of energy at thermal 
power plants at present and over the coming decades will ac
count for the greatest share of carbon dioxide discharged into 
the atmosphere through man’s economic activity. Carbon dioxide 
which reduces atmospheric transparency for the long-wave in
frared region of the spectrum and consequently decreases radi
ation of the earth’s heat into outer space, thereby intensifying the 
so-called greenhouse effect.

Methods of arresting and fixing carbon dioxide and preventing 
it from being discharged into the atmosphere can be conceived 
and put to work. It must also be taken into account that the 
atomic and thermonuclear sources of energy discharge no carbon 
dioxide. Consequently, there will be less carbon dioxide discharged 
into the atmosphere when nuclear power plants gradually take 
over power production.

But whatever its source, energy will still be consumed in large 
quantities. The utilization of mineral fuels, of atomic and thermo
nuclear reactions increases the number of heat sources in the 
world, especially in areas with a large concentration of industry 
and in large populated centres. And this changes both the ge
ographical distribution of heated regions and also the heat bal
ance on our planet as a whole.

The utilization of solar energy in any amounts directly from
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the sun would not alter the heat balance as a whole, although it 
would make changes in the geography of hotter and colder re
gions. This also applies to the utilization of the hydroenergy 
of rivers or temperature differences in oceanic depths and on 
surfaces.

Changes in the heat balance would cause climatic changes. 
It is sometimes thought that these climatic changes will con
sist in a rise in the average temperature of the lower atmospheric 
layers, which might lead to such dangerous consequences as the 
melting of the glaciers in Greenland and Antarctica, and a co
rollary rise in the level of the world ocean. Incidentally, such 
a rise—to within 60 meters—would flood vast, thickly populated 
territories of many countries.

One might think that a steady rise in the temperature of the 
lowest atmospheric regions by about 1-2°C on the whole of our 
planet would cause the icecaps and glaciers to recede markedly 
and the level of the world ocean to rise accordingly. A mere ge
ographical redistribution of the existing sources of heat which, as 
we pointed out, does not change the overall heat balance, would 
apparently play no part in this temperature hike.

However, modern data on climate-formation processes suggest 
that they would, most likely, develop in a more complicated man
ner. The involved pattern of atmospheric circulation and the 
system of oceanic currents connected with it form a scheme all 
of whose constituent elements are in flux. As long as these fluc
tuations do not exceed certain limits of magnitude and duration, 
the whole system continues in a state of mobile equilibrium. But 
any considerable deviation in any of these elements from its 
normal state would cause an immediate change. For example, 
an increase in the amounts of warm water brought by the Gulf 
Stream to the Arctic Ocean would ultimately reduce the size 
of the ice cover there. And this, in turn, would affect heat ex
change between atmosphere and ocean and atmospheric circu
lation itself.

Thus, a warming up of the Arctic climate would narrow the 
difference between the temperature in that area and the tem
perature of the equatorial zone; and this in turn might weaken 
the latitudinal easterly air currents and reduce the amounts of 
moisture thus carried from the Atlantic Ocean to Europe, and
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consequently might lead to a reduction in precipitation over 
Europe.

Most probably, the phenomena in the chain of events would 
subside and their energy would gradually disperse in the chaotic 
turbulent movements in the atmosphere and in the ocean. But at 
some point there could occur a reverse process—changes in at
mospheric circulation could stimulate an increased transference of 
warm water to the Arctic Ocean. In this case, a self-sustaining 
reaction might set in, and even a seemingly insignificant occur
rence could trigger events truly colossal compared to the initial 
episode.

Such self-sustaining reactions can very often be observed on 
a small and medium scale in meteorological processes.

Gan unstable conditions play a role in climate forming pro
cesses? So far the facts at the disposal of scientists have not sup
ported a quantitative theory of climate. Nevertheless, most scien
tists give a positive answer to this question, based not only on 
analysis of atmospheric circulation today but on the entire his
tory of the earth’s climate.

In the past the climate of our planet did change, and funda
mentally at that, while in the distant past—that is, tens and 
hundreds of millions of years ago—climatic changes were caused 
by changes in the relative positions of continents and oceans, 
by mountain formation and by shifts in the earth’s axis; cli
matic changes over the past tens of thousands of years—such as 
the last glaciation—may have been caused by other factors.

Whatever these factors, the requisite essential changes in the 
general circulation of the atmosphere and in the system of ocean 
currents can be conceived, most probably, as shifts from one 
state of mobile balance to another under the impact of certain 
trigger effects.

Among these effects may be relatively small changes in the 
aggregate terrestrial heat balance and a geographic redistribution 
of sources of heat, with the overall balance remaining unchanged.

Apropos of the geographic distribution of heat, one should bear 
in mind the fact that large territories are already subject to ur
ban agglomerations, and that industrial centers and even whole 
countries (Belgium, for example) of hundreds of thousands of 
square kilometers, are powerful sources of heat radiation. For
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example, if Belgium were surrounded by a wall several kilome
ters high, the temperature of the air in that country would go up 
several degrees.

We devote so much attention to the question of possible cli
matic changes because we are convinced that these changes may 
be the most immediate and the most difficult barrier to the growth 
and development of humankind.

At present it is very difficult to say where this barrier begins, 
although it is very likely that even a minor temperature rise, meas
ured in fractions of a percent, affecting the general heat bal
ance or a redistribution of mean temperatures within several 
degrees over a large area (say, one million square kilometers), 
would set off global changes in the climate. After that these 
changes might proceed at different rates, depending on possible 
feedback.

It is worthy of note that the share of anthropogenic heat in the 
total heat balance will reach 1-2 percent only when the general 
quantity of the energy generated and consumed by humans in
creases roughly 100 times over the present level. Actually, this 
is not so much. This amount of heat would be produced on our 
planet if a population of 7-10 billion consumed as much energy 
per capita as in the United States today.

Is it possible to overcome this barrier?
Yes, it is. There are three possible solutions to this problem. 

One solution is to limit the production of energy. This would 
impose constraints on all industries and lines of production, in
cluding the production of food, and in the final analysis on the 
growth of the population itself, keeping its growth below the 
number of people that the earth could accommodate, according 
to the above estimate.

The second solution is to limit the production and consumption 
of energy on earth, and to move the most energy-intensive indus
tries into outer space. The creation of inhabited space objects 
large .enough for this mission will be feasible in several decades. 
This would make it necessary to send into outer space at orbital 
velocity tremendous amounts of raw material. Such operations 
might require even greater energy consumption. However, there 
is raw material in outer space, too, so why not utilize the mat
ter of asteroids? It is hardly necessary to enlarge on this theme.
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Nevertheless, we must not ignore the possibility, remote as it 
might seem.

And finally, the third possibility is to control overheating on 
our planet by regulating the climate, either by altering the heat 
balance or by suitably redistributing the sources of heat on its 
surface. We shall return to this problem later in this book.

THE VOLUME OF THE EARTH

Over the entire period of recorded history human beings have 
systematically increased the per capita production of food, of 
various kinds of materials, of housing and of energy. We have 
always had the potential for producing a lot more materials 
of all kinds than is actually needed. This potential could become 
a reality if the means of production in some of the advanced 
countries were used wherever necessary, and if the social and 
economic system of distribution of products, espec ially food, were 
operated with an eye to satisfying the real needs of people and 
not in the interests of the profit-seeking owners of resources and 
means of production.

The natural resources necessary for production, both real and 
potential, have always been available in sufficient quantities in 
most countries and on our planet as a whole. The land surface 
of the globe still has enough room for accommodating a 
population far larger than its present size.

People’s needs, as we said before, can be rather clearly defined 
with regard to food, but it is far more difficult to say what their 
requirements are as to living space, clothes, household goods, etc. 
Therefore, one cannot say to what extent such requirements of 
the earth’s population could be satisfied in the future. On the 
other hand, we believe, in contrast to the Malthusians, that the 
potential for satisfying these and other of humanity’s basic 
requirements has always grown and will continue to grow at 
a more rapid rate than that of population growth.

This is a specific feature of human society. Only people can 
at will systematically modify the basic elements of their interaction 
with the environment—in other words, to change the means 
of production in the broadest sense of the term.
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“Malthusian blind alleys” could emerge at any stage of 
humankind’s development, if there were no technological progress 
and if the modes of production did not change. Neither the 
present population nor even the smaller population of the past 
would be able to support themselves by hunting, as their ancestors 
did. Such blind alleys and catastrophes occur from time to time 
in the biosphere because of the proliferation of organisms in 
their habitat, while the amount of the resources to be used remains 
unchanged. The balance thus disturbed can be restored only 
through a reduction of the population of this species—in other 
words, if they die out or migrate to another habitat. Animals and 
plants cannot change the nature of their relationship with the 
environment, cannot increase the effectiveness of this interaction, 
other than in the course of a very slow biological evolution. But 
this situation does not apply to human society.

Importantly, the development of new modes of production, 
and the possibility of using new types of resources, and new 
ways of obtaining energy emerge before the earlier possibilities 
have been exhausted. And this happens because humans acquire 
the ability to convert one substance into another, to obtain the 
materials they want from novel sources, long before the lack of 
some particular type of raw material can create difficulties for 
society’s development.

In the works of Forrester, Meadows, Mesarovic, Commoner, 
Falk and many other authors, the aggregate of natural resources 
that can satisfy all the needs of humanity is viewed as a quantity 
that diminishes from a certain initial value. They reckon with 
the fact that the rising efficiency of new modes of production can 
slow down this recession. They also agree that something should 
be added to the initial value (now known) since new deposits 
of mineral wealth are discovered.

However, we find their general approach unacceptable. It is 
not a question of how accurate is our knowledge about natural 
resources, or of how accurate is our evaluation of the discovered 
resources, nor the question of making more effective use of a 
particular natural resource. What we have in mind is the fact 
that humanity systematically develops essentially new possibilities 
for satisfying its needs. And we have no grounds to think that 
this process will not continue in the future.
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Similar ideas are gaining ground in the works of some 
Western scientists.

In the preface to the book Human Requirements, Supply Lev
els and Outer Bounds by J. McHale and M. McHale, the Amer
ican ecologist Harlan Cleveland writes:

None of us really knows the outer limits of the only 
biosphere we inhabit together. They are inherently un
knowable, because they depend mostly on what we the 
people do in moving toward them. The ‘outer limits’ of 
any resource are essentially determined by our definition of 
the resource, our perception of how much of it exists (only 
God knows for sure), our decisions about how much we 
really need, how much it is worthwhile to get at, how much 
we can re-use, and what other resources we can use in
stead. (40, p. V)

Thus the possibility of providing the people living on earth 
with resources it has—in other words the potential “capacity” of 
our planet—is not a constant quantity. Since this capacity is 
associated with the modes of production, it is growing all the 
time. So far, the growth of production has been somewhat ahead 
of population growth. It stands to reason that this cannot con
tinue indefinitely. The capacity of the earth has absolute limits 
defined by the size of the planet, also by the share or the total 
volume of its substance available for use, and by certain char
acteristics of its natural environment. It may also have some tem
porary, relative constraints, which would emerge if people’s ca
pacity for transforming substances were, over a certain period, 
to lag behind the rate of depletion of a particular re
source.

Now, what type of natural resources and what characteristics 
of the natural environment may soonest of all create difficulties 
for the growth of population on earth?

It might well be the limitation of habitable space. Let us 
hope that people will be aware of this limitation not at the time 
when any further increase in population density will be near- 
catastrophic, but when society will be capable of consciously 
planning its own development, establishing a certain “quota” of 
space necessary and sufficient for the normal existence of the
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human species, and developing and systematically implementing 
measures to maintain its numbers at an optimal level.

Another serious obstacle will be the upper limit of the amount 
of energy obtained and consumed on earth.

Some other natural characteristics or resources of our planet 
may create considerable problems from time to time. These prob
lems can be overcome, even anticipated, in a society which will 
have at its disposal the entire complex of natural resources of 
our planet, and which will be able to make rational use of 
them.

Such a society will have great possibilities for development, 
including possibilities for supporting a growing population.

The natural conditions we spoke of above can, it seems, ensure 
the existence of approximately ten times the present population 
of the earth. It is necessary to note here that our estimates are 
based on the currently held view determined by the present stage 
of development of productive forces and in particular by the pres
ent level of scientific and technical progress. With time, these 
estimates will certainly change. The question is in what direc
tion? There is no need to guess. In our opinion, A. Clarke is 
right when he cautioned against overestimating our own know
ledge and possibilities compared to those which the next gener
ation will have. (25)

Speaking of natural resources or of the need to neutralize 
the negative impact people have on the environment, we point
ed out the possibilities afforded by the available planet’s re
sources and the present efficient methods of their utilization. The 
capabilities of a specific country may differ substantially from 
the maximum or even average possibilities available to mankind 
as a whole. Most of the population of the earth cannot to this 
day satisfy their essential needs, while hundreds of millions of 
people are starving. However, the explanation for this should 
not be looked for in the constraints imposed by nature.

In their book Human Requirements, Supply Levels and Outer 
Bounds John McHale and Magda McHale write:

The carrying capacity of the biosphere has not been com
puted with any exactitude. Various estimates exist, but few 
indicate immediately critical global imbalances. Many pro-
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vide evidence of local and regional deterioration of atmo
spheric, water and land use systems at critical levels im
pinging up human activities.

But all of these still come within our control capabilities—  
if suitably exercised. Given the perception of their critical 
nature, and of the wasteful and inefficient character of 
most of waste-disposal and pollutant-control systems, there 
are no biospheric capacity barriers to meeting the mate
rial requirements of a doubled human population in the 
next thirty years.

The barriers, and the dangers, rest with the range of 
socio-economic and political policies which govern our 
actions rather than being inherently a part of the human 
impact on the environment per se. We may set both the 
bounds and the amount of impact. (40, p. 80)

In other words, in order to make use of the tremendous 
resources and all the potentialities of our planet, and direct these 
resources to the satisfaction of the needs of the entire population 
of the earth, it is necessary to assure rational utilization of natu
ral resources (with the use of effective production methods) 
and to prevent the occurrence of undesirable modifications of 
the natural environment. In short, it is necessary to assure a 
certain rational optimal interaction between human beings and 
the natural environment.

But all the authors whose works have been quoted from in 
this book are of the opinion that humanity as a whole is still 
very far from being able to make rational use of natural re
sources, from being thrifty in its attitude to the natural environ
ment. Why is this so?



CHAPTER TWO

FROM IRRATIONAL TO OPTIMAL 
INTERACTION BETWEEN 

MAN AND NATURE

THE ROOTS OF THE IRRATIONAL

M any authors are of the opinion that human society 
is intrinsically antithetic to nature. For example, 

Lord Ritchie-Calder wrote that
past civilisations are buried in the graveyards of their own 
mistakes, but as each died of its greed, its carelessness or 
its effeteness, another took its place. (24)

Galder cites examples of what he called “irrational actions’5 of 
our global civilization which were dictated by greed or were 
the result of ignorance, and warns about their serious conce- 
quences. He calls for action in order to forestall this danger.

Man has always destroyed and is still destroying nature, writes 
a well-known Swiss scientist Jean Dorst:

The balance of nature began to be disturbed with the 
descent of man. Of course it is difficult to blame our dis
tant ancestors for willfully changing the environment in 
order to scratch out an existence for themselves and for 
their descendants. At the same time, we must not remain 
silent about the fact that back in those remote days man 
began to wreak destruction on nature, and in this way 
expedited the processes of erosion and degradation of na
tural association, without gaining anything for himself 
through sheer mismanagement and ignorance with regard 
to the true meaning of the land and to the ways of mak
ing rational use of it.
The processes of degradation of the land surface have 
intensified in the recent periods of human history, during 
which large states emerged and fell apart long before the 
advent of the industrial civilization with its origins in 
Europe. It has been assumed that the degradation of nature
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set in at a time when the white men began to spread over 
the face of the earth.

Their destructive economy, and their work of plunder 
came up against the conservative economy of the native 
population of all races. These conjectures arc totally wrong. 
There is absolutely no possibility of conserving nature and 
even for creating some sort of balance between man and 
the environment, or much less, for allowing the “noble 
savage” glorified by Jean-Jacques Rousseau to play his part.

The primitive societies of the pre-industrial era had 
exerted a negative impact on a large number of natural 
habitats. It is quite possible that the disappearance of some 
animals goes back to those days.

Thus back at the dawn of its existence mankind carried 
the germs of destruction and even self-destruction which 
assumed dramatic proportions in the later phases of its 
history. (27)

The well-known historian Arnold Toynbee maintains that re
ligion played a major role in the formation of man’s attitude to
ward the natural environment. (52) According to him, the pan
theism of the ancient East, Greece and Rome promoted the un
derstanding of the unity of nature and man, and strengthened the 
idea that one is as valuable as the other. Monotheism in the form 
of Judaism, Christianity or Islam treats man as the master of na
ture which God has given him in perpetual use so that he can 
live on and prosper. The rapid development and the dominant 
position of the monotheistic civilizations in the world are basic 
factors of the ecological crisis.

Jay W. Forrester, D. H. Meadows, M. Mesarovic and many 
other contemporary researchers believe that the basic reason for 
the negative influence on the natural environment—and conse
quently, the basic reason for an ecological crisis that might threat
en humanity unless it changes the character of its development— 
is the intrinsic desire of humankind to expand and to grow, which 
implies the infinite growth of population, the infinite growth of 
production and consumption. Barry Commoner considers that the 
basic reasons behind the environmental crisis which is arising 
primarily from pollution, are social. He writes: r
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The analysis makes it plain, I believe, that the crisis is 
not the outcome of a natural catastrophe or of the misdi
rected force of human biological activities. The earth is pol
luted neither because man is some kind of especially dirty 
animal nor because there are too many of us. The fault lies 
with human society—with the ways in which society has 
elected to win, distribute, and use the wealth that has been 
extracted by human labor from the planet’s resources. Once 
the social origins of the crisis become clear, we can begin to 
design appropriate social actions to resolve it. (26, p. 178)

Irrational utilization of natural resources and disturbance of the 
balance of nature, which lead to its degradation and threatens the 
very existence of humanity, are, according to many Western re
searchers, an inherent human quality, and an unavoidable result 
of the development of civilization, of technical progress and pop
ulation growth, and according to others, the result of social fac
tors.

Many researchers speak of irrational or predatory attitudes to 
the natural environment and its resources, but they fail to specify 
in what sense and from whose point of view they interpret the 
concept of “the rational use of natural resources”. One gathers 
from the general context of their works that they imply not so 
much the interests of individual owners or groups of owners as 
the interests of a large collective of people—the population of a 
country or perhaps the whole of humanity.

Let’s recall in this connection the words of the celebrated Rus
sian geographer and climatologist of the last century, A. I. Voyei- 
kov, who considered that man’s impact on the natural environ
ment, and the environmental changes that its activity leaves in its 
wake can be harmonious if there is “no conflict between tempora
ry advantages of one man and the lasting advantages of the whole 
of society”. (14)

This contradiction was clearly defined and carefully studied by 
Barry Commoner in the light of the development of industry and 
agriculture in the United States over the past several decades. He
wrote:

The costs of environmental degradation are chiefly borne 
not by the producer, but by society as a whole, in the form
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of “externalities”. A business enterprise that pollutes the 
environment is therefore being subsidized by society; to 
this extent, the enterprise, though free, is not wholly pri
vate. . . . Therefore there appears to be a basic conflict be
tween pollution control and what is often regarded as a 
fundamental requirement of the private enterprise system— 
the continued maximisation of productivity. (26, pp. 
268, 270)

The extensive-literature on the conservation of nature cites 
a very large number of instances* of destruction of natural re
sources, irrational and often quite unjustified interference in the 
natural environment over the entire period of the existence of 
human civilization.

In most cases this interference was prompted by the desires of 
individual capitalists and monopolists who owed and exploited 
natural resources for bigger and quicker profit, or by wars which 
in the final analysis were waged for the same motives. This process 
clearly was operating in the days of colonial conquests, and later, 
with the development of capitalism, it assumed truly menacing 
proportions.

Contrary to J. Dorst’s opinion, the deterioration of the natural 
environment—the depredation of natural resources—in the coun
tries under colonial domination intensified many hundreds of times 
over (if it did not virtually begin) precisely when vast territories 
were colonized by the white man.

The period of great geographical discoveries was closely followed 
by an orgy of colonial plunder, as tremendous territories were 
seized, and whole countries, peoples, and rich native cultures were 
wiped off the face of the earth.

Almost everywhere the plunder of natural resources began with 
the extermination of people. For example, the population of Au
stralian aborigines was reduced to one-tenth of its original size. 
The once rich states of Central Africa sustained tremendous nu- 
man losses: in two hundred years slave-owners captured #nd 
moved out of Africa no less than 100 million people, of whom dnly 
about one-third survived the journey to the American colonies.

According to M. Bekele (22, 42-45) the population of the whole 
of Africa constituted, back in 1650, about 20 percent of the popu-
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lation of the entire world. The seizure of large numbers of peo
ple and their transportation as slave labor to America, the cruel 
exploitation of natives in their home countries, the spread of new 
diseases, all served to sharply reduce Africa’s population, which 
in 1970 stood at a mere 10 percent of the population of the 
world.

Incidentally, this dramatic reduction in the size of the native 
population never meant that those who survived began to live 
better, as alleged by Malthus and his followers.

The colonialists inflicted untold damage on forests, soil and the 
animal world. For example, the forests of equatorial Africa have 
shrunk to one-third of their former size, and their destruction is 
still continuing. According to specialists, the cutting down of many 
precious species of trees in the virgin tropical forests of the equa
torial region around the world, unless stopped, will lead to the 
total destruction of the main woodlands ip# 20-30 years.

This is what Jacques Vignes writes about the plight of the 
forests in the Ivory Coast Republic today:

The chopping down of forests carried out only by Eu
ropean companies has reached as much as . . .  2 million cubic 
meters a year, which cannot but create a host of problems 
and cause apprehension that the disappearance of forests 
might throw the climate and ecology of the country out 
of balance, with serious consequences for its geography. This 
total disappearance of the forests may well occur rather 
soon (in some 8-10 years). Significantly, timber accounts 
for 20 percent of all export earnings and covers almost the 
entire active balance of the trade balance. (54)

Most of the profits from cutting timber in Africa go to for
eign companies.

The driving desire to make the highest profit in the shortest 
time was the main reason for one-crop farming in the colonies. 
Jean-Paul Harrya, a leading authority on tropical farming, 
wrote:

The agronomy of the tropical countries, like that of 
other countries, was aimed at improving the quality of 
produce and increasing its quantity, rather than at looking 
for ways of making more thrifty use of the land.
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With the rare exception, every colonialist is anxious to 
derive profit as soon as possible and does not want to wait 
for tied-up capital to enable him to make long-term and 
fruitful utilization of the land, unaware that otherwise his 
business would before long wither, decline or fail alto
gether. (34)

It is not that the colonialist “does not understand” what he is 
doing. The point is that the economic incentives born of capi
talism induce him to adopt this predatory method of utilization 
of natural resources. These incentives, in conjunction with pow
erful and efficient technology, led to the creation of large plan
tations of coffee, rubber, bananas, peanuts and other monocul
tures in tropical countries, and caused rapid expansion of animal 
husbandry.

Significantly, the capitalists did nothing to prevent the dire 
consequences of the changed regime of soil utilization. As a re
sult, various forms of deterioration of the once fertile lands, and 
especially soil erosion, set in. As for the extermination of ani
mals, many species were wiped out back in the days of coloni
zation and settlement in North America, South America, Af
rica and Australia.

The plundering of nature, which started in the period of colo
nization, continues to this day by the foreign monopolies that 
exploit the natural wealth of economically dependent countries. 
Even those developing countries that have secured the right to 
dispose of their resources as they choose find it very difficult to 
make rational use of them, owing to the lack of tools, tech
niques and skilled personnel.

In the past, the utilization of natural wealth for profit gross
ly interfered with the natural environment in the advanced 
capitalist countries. The depletion of natural resources recently 
caused their governments to take certain measures to project 
and utilize some of these resources more sparingly. Thus, in 
most countries, forest management has been regularized; tree 
cutting has been slowed down, enabling natural forest seeding 
and artificial regeneration. Work has been started on fish repro
duction in rivers, hunting of some wildlife species has been re
stricted and the more valuable species of game are bred at special
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farms. In addition, wildlife reserves are being set up, and meas
ures have been taken to prevent soil erosion.

However, these measures taken in some countries have run 
into difficulties because of private ownership of land, forests 
and other natural resources. The conflict between the interests 
of individual owners and society has become particularly evident 
in the context of present environmental pollution.

The owner of a factory which pollutes the air, or the water 
in a river, is not at all interested in the purification of industrial 
effluent, for this entails additional outlays that take a bite out 
of his profits, making him less competitive, especially if other 
factories in a given country produce the same line of goods or, 
with the emergence of multinational corporations, factories in 
other countries spend less money for their production. The fac
tory owner finds it more to his advantage to dump untreated waste 
products and let some other organizations (or government de
partments concerned with the welfare of citizens) take dean-up 
measures at the expense of the taxpayer. And this is exactly what 
factory owners in capitalist countries do today.

Water and atmospheric pollution has given cause for great 
concern, widely reflected in literature. The pollution of air and 
water is an old problem, dating back to the emergence of in
dustry, although for a long time it was mostly of local character 
and noticeable only in the immediate vicinity of factories. Na
tural dilution and chemical decomposition of the wastes discharged 
into the atmosphere or flushed into rivers was quite suf
ficient for the water or air a short distance away from the source 
of pollution to become clear again.

But over the past 20 or 30 years, the pollutants discharged into 
the air and water by a multitude of factories can no longer be 
diluted sufficiently to become harmless to the population and the 
natural environment even a very long distance away from the 
source of pollution. The application of artificial fertilizers and 
various chemicals in agriculture and the use of detergents, have 
increased manyfold. All this has created a situation in which 
changes—sometimes the full transformation of the entire composi
tion of substances—and the subsequent circulation of these sub
stances in rivers and lakes, and now even in the ocean and the 
atmosphere, have taken the place of the limited pollution that
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was in the past easily controlled by the “self-purifying” process.
For example, the United States—which accounts for about 

50 percent of all the pollutants discharged into the water and at
mosphere—every year consumes about five billion tons of various 
kinds of raw materials, half of which are building materials.

All that tremendous amount of substances accumulates in the 
soil at an annual rate of 18 tons per hectare across the country, 
is washed down into the rivers and is then discharged into the 
atmosphere. And since every hectare of land in the United States 
produces about 13 tons of biological mass and about 18 tons of 
free oxygen a year, it turns out that the amount of substances 
introduced by man into the natural environment in the United 
States can well be compared to the mass of matter generated by 
nature on comparable territory.

This tremendous additional load cannot be absorbed by the 
natural environment without serious and at times highly unfa
vorable changes in the geochemical cycle.

The seas and oceans also suffer froih severe pollution with 
industrial waste, especially the North Sea, Irish Sea, the English 
Channel, the Bay of Biscay, the Baltic Sea, and considerable 
areas in the Mediterranean off the coasts of France, Spain and 
Italy. The concentration of petroleum products over vast areas 
in some places appears to be one hundred times in excess of safe
ty levels. Also dangerous are the concentrations of detergents, 
mercury, DDT and some other toxic substances.

The level of pollution of the water off the American continent 
is just as high. It seems that only a limited area in the central 
part of the Atlantic Ocean and some small areas in the Medi
terranean and the Baltic are still clean.

A similar situation exists in the Pacific Ocean.
Altogether, about 6 million tons of oil (according to some 

estimates, 2 to 15 million tons) are dumped into the world ocean, 
mostly as the result of the cleaning of oil tankers. And there is 
still another major source of pollution of the world ocean: ac
cidents involving tankers in coastal waters. Some accidents, in 
which hundreds of thousands of tons of crude oil were lost, 
brought pollution disaster to large coastal areas. Thus the pollu
tion of the world ocean has become a global problem.

High levels of atmospheric pollution near cities and large in-
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dustrial centers create serious health hazards. They aggravate 
existing diseases and cause new ones, and they increase the mor
tality rate. Thus, about 35 percent of the people examined in the 
industrial area in and around Tokyo suffer from serious pul
monary disorders due mainly to severe air pollution. In Western 
Europe and America atmospheric pollution is caused 50 percent 
by cars and 50 percent by wastes coming from heating systems 
and industrial enterprises. The main pollutants of the atmosphere 
are sulfur dioxide, carbon monoxide, various nitric oxides and 
many other gases, as well as smoke and soot.

As it spreads, atmospheric pollution becomes a global problem. 
The pollutants created by the industry of the West-European 
countries are picked up by air currents and spread over the 
territory of East-European and Scandinavian countries where lo
cal pollution loads are comparatively small, and in this way the 
population of these countries has to pay for the poor performance 
of waste-treatment facilities at the factories of their western 
neighbors.

In the near future the problem of atmospheric pollution may 
become still worse, since the movement of the masses of air does 
not change, while the concentrations of certain types of industrial 
waste are becoming so large that they cannot be diluted to neg
ligibly small concentrations, even after traveling over distances 
of thousands of miles.

What has caused such rapid and dangerous growth of pollu
tion of the natural environment?

Very instructive in this respect is the book, The Closing Cir
cle, by Barry Commoner, who examined the factors that over 
the past 20 to 30 years have led to the pollution of the natural 
environment in the United States. He writes:

In general, the growth of the United States economy 
since 1946 has had a surprisingly small effect on the degree 
to which individual needs for basic economic goods have 
been met. That statistical fiction, the average American, 
now consumes, each year, about as many calories, protein, 
and other foods (although somewhat less of vitamins); 
uses about the same amount of clothes and cleaners; occu
pies about the same amount of newly constructed housing;
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requires about as much freight; and drinks about the same 
amount of beer (twenty-six gallons per capita!) as he 
did in 1946. However, his food is now grown on less land 
with much more fertilizer and pesticides than before; his 
clothes are more likely to be made of synthetic fibers than 
of cotton or wool; he launders with synthetic detergents 
rather than soap; he lives and works in buildings that de
pend more heavily on aluminium, concrete, and plastic than 
on steel and lumber; the goods he uses are increasingly 
shipped by truck rather than rail; he drinks beer out of 
non-returnable bottles or cans rather than out of return
able bottles or at the tavern bar. He is more likely to live 
and work in air-conditioned surroundings than before. He 
also drives about twice as far as he did in 1946, in a heav
ier, car, on synthetic rather than natural rubber tires, 
using more gasoline per mile, containing more tetraethyl 
lead, fed into an engine of increased horsepower and com
pression ratio.

These primary changes have led to others. To provide 
the raw materials needed for the new synthetic fibers, pes
ticides, detergents, plastics, and rubber, the production of 
synthetic organic chemicals has also grown very rapidly. (26, 
pp. 144, 145, 146)

With a 40 percent growth in the population and a 6 percent 
growth in per capita consumption, the pollution load has in
creased about tenfold, or seven times over per person! Thus the 
principal part in the sharp increase in pollution was played not 
by the growth of the population or by the growing possibilities 
for supporting it, but by changes in the technology of produc
tion, spurred on, as Barry Commoner shows in his book, by a 
desire to raise efficiency of production for profit.

U Thant, the former UN Secretary General, who in the last 
several years of his work at the United Nations paid a great 
deal of attention to problems of environmental protection, wrote 
in a special report to this effect:

The deterioration of the human environment may thus 
be related to three basic causes: accelerated population 
growth, increased urbanization, and an expanded and effi-
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cient new technology, with their associated increase in de
mands for space, food and natural resources. None of these 
need be damaging to the environment. However, the efforts 
to accommodate population, to integrate technology into 
complex environments, to plan and control industrialization 
and urbanization, and to properly manage land and re
sources, have fallen far short of those required. In conse
quence, all nations of the world face dangers which in 
some fields and in some areas have already achieved criti
cal proportions. (53)

Now, what obstructs the efforts that U Thant referred to 
in his report? Primarily it is the high cost of suitable waste-treat
ment facilities, combined with the indifference of the factory 
owners. According to American specialists, the construction of 
such facilities at all the industrial enterprises that need them 
would require $200 billion. And to retool the entire industry 
in the United States in line with Commoner’s recommendations 
would cost about $ 600 billion as he himself estimated.

Private ownership of natural resources and the means of pro
duction, the utilization of these resources and these means of pro
duction for profit, and the private interests of the owners of these 
resources and industrial establishments—these are at the root of 
the gigantic waste of nature’s wealth. It also explains the unjus
tified interference in the natural processes that goes against the 
interest of our and future generations.

Another factor reducing the effectiveness of the utilization 
of our planet’s natural resources is the plunder of those natural 
resources that belong to all, and to no one in particular, such 
as the riches of the ocean.

The first to be exterminated were the most precious and at 
the same time the most readily available resources of the ocean: 
the fur seal, and later the whale, the hunting of which has now 
considerably exceeded the annual increment in its population. 
The day is not far off when the total fish catch will approach the 
full annual accretion of the fish population.

We know of many international agreements, quotas for whale 
hunting and other measures to prevent the extermination of the 
biological resources of the ocean, but these can become effective
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only in the conditions of true peaceful coexistence and close co
operation between states with different social systems.

A huge drain on the productive forces of humankind and na
tural resources is the satisfaction of the commercially inflated 
“needs” which have nothing in common with the genuine re
quirements of society and its individual members. The same desire 
for profit causes the monopolies to stimulate false requirements 
for certain kinds of commodities, the production of which serves 
their corporate interests only, even though in the final analysis 
the satisfaction of these requirements puts a burden on society.

Why, for instance, have the size and power of cars in the USA 
grown to such ridiculous proportions? Because the production 
of big cars yields big profits. The idea was aptly summed up by 
Henry Ford II, who said that minicars make miniprofits. (26, p. 
264)

An excessive demand for consumer goods is stimulated by 
repeatedly introducing new fashions and by deliberately reduc
ing the lifespan of goods, and by commercial advertising, which 
in turn absorbs tremendous resources and money.

Those are the main factors that motivate the spendthrift be
havior of human beings with regard to our planet. The reasons 
illustrated above show that the potential for the satisfaction of 
humanity’s needs may come in conflict with the real, practical 
possibilities, and that ultimately the state of the natural environ
ment will deteriorate still further, thus hurting the interests of 
humankind.

These basically socio-political factors can be explained by the 
existence of private ownership of the means of production and 
resources, and by so far insufficient cooperation between countries 
with different social systems.

Alongside the negative effects of people’s unintentional impact 
on the natural environment* in the course of their activities in 
industry and agriculture, there are also intentional activities con
nected with the arms buildup and war preparations, and the 
military operations themselves, which seriously influence the na
tural environment. And in addition, there is the looming danger 
of deliberate modification of the natural environment for mili
tary and other purposes that threaten humanity itself.
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Hun lan activities have certain peculiarities which have long- 
range negative ellects on the environment and which prevent the 
rational utilization of its resources. Above all others, we would 
like to single out the effects of war.

The arms drive and other activities which are part of war 
preparations consume colossal material resources, among them 
a tremendous amount of natural wealth, including some natural 
resources of which there is an acute shortage on earth. The arms 
drive absorbs the work of more than 20 million young people 
throughout the world who are both healthy and fit for any type 
of productive labor, and who instead serve in the armed forces, 
and more than 100 million people used in production for war. At 
least half the work being done by scientists in all countries goes 
into military research.

It is no less important that preparations for war have dire 
immediate effects on the natural environment. For some reason 
many Western researchers and public leaders, who attach so 
much importance to industrial pollution, pay very little attention 
to the pollution that comes with production for war. This indif
ference is rather odd, especially with regard to nuclear weapons 
testing. As the result of the series of atomic explosions in the 
atmosphere made by the nuclear powers in the 1950s and in the 
early 1960s, all living things on earth are now exposed to a level 
of radiation much higher than that caused by the radioactive 
substances always present in the natural environment.

Biologists are unanimous in their opinion that radiation causes 
certain specific sicknesses, lowers the resistance of the organism 
to disease and, by impairing the mechanism of transmission of 
hereditary properties, increases the number of deviations from the 
norm—i.e., produces various deformities in subsequent generations.

The great outcry raised by scientists and the public all over 
the world led to the conclusion in 1963 of the Treaty Banning 
Nuclear Weapon Tests in the Atmosphere, in Outer Space and 
Under Water. Since the cessation of nuclear tests in the atmosphe
re, the environmental contamination has markedly abated, and 
some still exists only because France and China, in spite of 
worldwide protests, continue to test nuclear weapons in the at-
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mosphere. The treaty has to a certain extent limited the possi
bility of developing new types of nuclear weapons, because under
ground tests limit the character, scope and rate of implementation 
of scientific and technological projects.

At present, the nuclear powers have every possibility for con
cluding a treaty to ban nuclear weapons tests in all spheres.

As for military operations proper, they have always inflicted 
great damage on the natural environment, and in the final ana
lysis, on people themselves. However, untill recently, including 
the period of World War II, this damage was comparable to that 
inflicted by industrial activities on nature. During the past 15 
to 20 years the situation has changed fundamentally.

We shall not discuss here the consequences that a worldwide 
thermonuclear conflict might have for the natural environment, 
for this has been extensively treated in many books and articles. 
It is well known, however, that the use of nuclear weapons in 
a worldwide conflict would sharply, perhaps irreversibly, change 
the condition of the natural environment not only on the territory 
of belligerent nations but on most of our planet, if not all of it. 
And the question of whether the surviving part of humanity could 
exist in the changed ecological conditions is a subject for con
jecture and hypotheses.

However, even without using nuclear weapons, as the sad ex
perience of the Vietnam war has shown, military operations may 
trigger ecological effects on a scale comparable to those of the 
military operations themselves. The use of herbicides, defoliants 
and other chemical agents in the so-called Food Denial Program 
led not only to the destruction of rice fields and other crops but 
also to the destruction of forests over a large part of Vietnam. 
That undoubtedly caused a lasting disruption of the ecological 
regime in the whole of the country.

Yet those are but unintentional byproducts of military oper
ations. It is feared that the development of military technology 
would lead to still more dangerous situations.

In September 1974, at the 24th session of the UN General 
Assembly, the Soviet government submitted the draft of an inter
national agreement on the prohibition of action to modify the 
environment and climate for military and other purposes incom
patible with the maintenance of international security, well-being
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and health. In his speech at the UN session, A. A. Gromyko, the 
Soviet Minister of Foreign Affairs, explained that existing scien
tific and technical innovations had made it possible to modify the 
conditions of the natural environment, e. g. to affect weather, 
within limits.

Further scientific and technological progress,' as may well be 
expected, will make these possibilities still more extensive. In this 
connection, the Soviet government deems it necessary to take 
measures now to prevent military or any other hostile uses of 
science today or in the future.

Thus the question of influencing elemental natural processes 
(in the old days the very term “the elements” signified something 
over which people had no control) has for the first time become 
the subject of international negotiations. However, the idea of 
using the means of warfare as a tool to affect the natural environ
ment and the weather, as well as the idea of preventing the ad
vent of such new weapons, emerged much earlier.

In this connection, it is worthwhile looking through old news
papers and scientific magazines published in the United States. 
In 1946-1947 American scientific and public journals for the 
first time published reports on the successful experiments car
ried out by Vincent Schaefer, Bernard Vonnegut, Alexander 
Langmuir and other scientists to induce artificial precipitation 
from certain types of clouds.

The USSR and Germany had first carried out experiments 
of this kind before the World War II, and it was clear even at 
that initial stage that in principle it was possible to induce arti
ficial rainfall. The American scientists used effective agents—dry 
ice and silver iodide—that stimulated crystallization of super
cooled clouds and caused intensive snow and rainfall over areas 
of hundreds of square kilometers.

Those were very interesting and important (albeit initial and 
largely preliminary) results, which set in train massive research 
in many countries.

But there were ideas of a different kind, too.
In 1950, Prof. Wider of Cornell University proposed that some 

devices be installed on ships in the Atlantic to reduce rainfall 
in the “communist world” and thereby cause artificial drought 
there. (15)
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In 1953, the American industrialist Harry Hugenheim, at a 
ceremony in which he was awarded a prize from the American 
Meteorological Society, said: “An atomic bomb is the greatest 
means of destroying life; a meteorologic war would be the great
est means of destroying the means of life themselves.” He then 
launched into a long disquisition about using certain “substances” 
(!) over the Atlantic Ocean or over Western Europe to “dehy
drate” the clouds on their way to Russia, or, the other way around, 
to stimulate torrential rain in Russia. (35)

In November 1957, Prof. Edward Teller, the father of the Amer
ican hydrogen bomb, in a bid to obtain credits from the US 
Senate, said that if science in America did not achieve any major 
breakthrough, Russia would lead the world in many different 
areas of science and technology, leaving the United States far 
behind. And that, in his words, might reduce America to a 
second-rate power and would make her completely defenseless. 
In fact, he said, the Russians would then be able to make their 
terms without making war, especially if they learned how to con
trol the weather or change the level of the world ocean.

It looks as if competent American scientists eventually suc
ceeded in convincing their naive and equally bellicose colleagues 
that any changes in the weather on a large scale, and especially 
modification of the climate on a global scale would, in practical 
terms, require intensive international cooperation and concerted 
action by many countries. The hullabaloo in the press died down, 
while serious work at many research centers and laboratories in 
the United States was carried on. The results that this work pro
duced were interesting and important. Meanwhile, the Pentagon, 
too, tackled weather-modification problems.

In 1974, the American government released two books in un
pretentious jackets. One of them is a transcript of the hearings 
on the need for an international agreement prohibiting the use 
of environmental and geophysical modification as weapons of 
war, and the other the hearings before the Senate subcommit
tee on foreign relations on weather modification activities. (55)

Both these transcripts were made between January 25 and 
March 20, 1974, when the Subcommittee on Oceans and Inter
national Environment of the Committee on Foreign Relations of 
the US Senate met to discuss the political aspects of the environ-

6—2300
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mental problem. This book was, until May 20, 1974, classified as 
top secret but was then declassified.

The other book is a transcript of the hearings (on September 
24, 1974) before the House Subcommittee on International Or
ganizations and Movements of the House of Representatives 
Committee on Foreign Affairs, on various questions relating to the 
signing of an international agreement prohibiting the use of weath
er modification as a weapon of war. (56)

The contents of both books are very interesting since prominent 
political figures, competent scientists and military experts took 
part in the discussions.

In the book on the US Senate subcommittee hearings, an 
introduction by Senator C. Pell states that back in 1972 many 
research centers and public organizations in the United States, 
as well as individual scientists and political leaders, considered 
it necessaiy that the US government should lead the initiative 
in signing an international agreement banning all the work 
involving the development and use of methods of modification 
of the natural environment for military purposes.

American scientists also moved to have this question discussed 
at the December 1972 Dartmouth conference of Soviet and 
American scientists (among them the author of this book), 
businessmen and political figures. Needless to say, the Soviet 
participants in the conference supported that move.

Finally, in February 1973, the US Senate adopted a resolution 
recommending that the US government initiate an international 
agreement to that effect. The fact that a whole year later this 
resolution still had not been implemented led to a discussion of 
this question at the Senate meeting.

The text of this document makes it clear that the failure of 
the US government to sign international agreements on preventing 
actions aimed at modifying the climate of our planet was the 
result of the Pentagon’s determination to use the existing methods 
that made such modification possible as a weapon of war. And 
it was not merely an intention. Military experts testified at the 
congressional hearings that for six years the US army had staged 
some important experiments for inducing rain in Indochina 
while the war was in progress. They said that these experiments, 
which absorbed many millions of dollars, were meant to lengthen
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the season of bad roads in the area of the so-called “Ho Chi 
Minh Trail”. The army experts believed that as the result of 
these measures the amount of rainfall had increased.

It is doubtful that such experiments could markedly change the 
meteorological conditions for any length of time, e.g., to increase 
the amount of rainfall by 20-30 percent over a large area. 
However, it is quite possible that the amount and intensity of 
rainfall could be increased by 10-15 percent over a comparatively 
limited area (several thousand square kilometers).

Many thousands of experiments conducted for peaceful purpo
ses in different countries over the past 10-15 years have confir
med this view. It is true that such intensified rainfall could 
inflict serious damage on the civilian population by, say, further 
destroying a damaged dike and causing a flood. Hydroscopic 
substances used for stimulating precipitation from warm tropical 
clouds can also be used for corroding metal and destroying 
vegetation, but they can inflict sizeable damage only if used in 
large amounts. For this reason, these substances should really be 
classed as chemical weapons with a collateral meteorological action. 
Incidentally, radar jamming techniques can also stimulate pre
cipitation from warm clouds.

The hearings at the House Subcommittee, which were the 
subject of the other book, took place after the Soviet Union had 
submitted its proposals on the above question at the UN General 
Assembly.

We hope the reader will agree that the draft agreement on 
the prohibition of action to modify the environment and climate 
for military purposes submitted by the Soviet government at the 
24th UN General Assembly was both timely and relevant.

In 1976, the UN General Assembly, at its 31st session, approved 
the Convention on the prohibition of military or any other 
hostile use of environmental modification techniques and recom
mended that all nations sign and ratify it.

The idea of the agreement is to ban the military and other 
hostile use of not only such weather modification methods as 
intensified rainfall or dispersion of clouds and fog, which are 
known to us today, but also methods which may be invented 
in the near and distant future.

We referred above to a possible instability of some natural
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processes, including meteorological phenomena. Significantly, 
the hydrosphere and the lithosphere from time to time also develop 
a state of instability, in which even a minor modifying factor 
can set off a large-scale process. For example, an avalanche, 
which can destroy villages and block a valley with snow, can 
be triggered by a rifle shot. A few hundred cubic meters of water 
which have filled a small lake high in the mountains to the brim, 
can cause a formidable mudflow and wipe out a large city.

There is every reason to believe that earthquakes initially are 
caused by small shifts and other displacements of large blocks 
deep underground, where they develop a state of instability. We 
meet with situations when even a small disturbance in the struc
ture of the earth’s surface can have far-reaching consequences. 
Gases are known when the extraction of sand or gravel from a 
beach, which had for a long time suffered no noticeable conse
quences, suddenly caused intensive erosion of the shore by tidal 
action and offshore currents. Such phenomena have caused 
serious damage in some places on the Black Sea coast of the Cau
casus, and especially around the health resort of Pitsunda.

Throughout the entire biosphere run such tenuous, extremely 
elusive chains of occurrences, linking the animate and inanimate 
elements of the natural environment which influence one anoth
er. For example, even the slightest deviation from the normal 
temperature of the water causes whole populations of some com
mercially valuable fish to migrate hundreds and even thousands of 
miles away. Any slowdown in the speed of vertical currents in 
the ocean reduces the supply of organic substances from the 
deeper regions for the plankton on the surface and thus ad
versely affects the supply of feed for fish, cetaceans, etc.

These interconnected phenomena in the biosphere, and the 
processes that occur in the environment under the impact of 
human activity, and as a final effect, the impact of these processes 
on humans themselves—have become an important object of 
scientific inquiry. Their careful examination is necessary in order 
to avoid all possible negative effects of man’s impact on the na
tural environment, and also to develop optimal forms of interac
tion between humans and nature, to transform nature in accord
ance with the needs of human society.

The peculiarities of some natural processes, and especially the



FROM IRRATIONAL TO OPTIMAL INTERACTION Hf i

emergence of instability in some of them, make it increasingly 
possible to deliberately influence the natural environment. This 
peculiarity has been used to alter meteorological conditions. (The 
scientific and technological aspects of weather modification will 
be dealt with later.)

Also noteworthy in this respect are the possibilities for modi
fying the conditions of the upper atmosphere. At an altitude of 
hundreds of kilometers from the earth’s surface, the amount of 
matter in the atmosphere is insignificant. Also small is the energy 
involved in the processes that occur there. It was widely believed 
only a few decades ago that there was no air at such altitudes, 
and that therefore all the processes taking place in the void, with 
negligible amounts of matter or energy, were of no importance. 
However, our views on this outer region of the atmosphere and 
adjacent near space have since been changed. It has been estab
lished that the condition of the ionosphere—i.e., the ionized 
layers of the atmosphere that lie at altitudes ranging between 
50 and 300 kilometers—variously affects the propagation of radio 
waves of different lengths, i.e., determines the potential for and 
conditions of long-range radio communication. Special services 
in many countries carry out observations of the ionosphere, calcu
late which frequencies can best be used, and send the required in
formation to radio operators.

The atoms and charged particles ejected from the sun are cap
tured by the magnetic field of our planet and are then concen
trated in so-called radiation belts. As the result of some more vio
lent processes taking place on the sun, the concentration and the 
energy of the particles in the radiation belts, and the intensity 
of different kinds of radiation in outer space are so high that 
they create a serious health hazard for astronauts. It is also 
feared that, in the future, passengers aboard supersonic planes 
that fly at high altitudes might meet with similar danger. For that 
reason, special services have been set up to monitor the radia
tion situation in outer space by collecting and processing infor
mation about the condition of the sun and the upper layers of 
the atmosphere, and to provide radiation forecasts for astronauts. 
These forecasts are just as necessary for the astronauts as weath
er reports are for fliers.

Thus the phenomena taking place in the upper layers of



86 E. FEDOROV

the atmosphere have acquired great practical significance. As 
we just said, they involve a relatively small amount of matter 
and energy. This explains why they are so susceptible to any 
interference from outside and why they can be so easily modified, 
even without a “trigger effect”. For instance, the first explosion of 
a small atom bomb in outer space, made by the United States in 
1959, precipitated a whole chain of disturbances there. The ex
plosion seemed to have injected additional atomic particles into 
the radiation belts and in this way increased the danger of ra
diation, modified the condition of the ionosphere, upset radio 
communications over a large area and had many other effects.

Changes in the upper layers of the atmosphere have yet an
other important result. The connection between solar activity and 
weather, i.e., the condition of the lower regions of the atmosphere 
has been under study for a long time. It is not quite clear how 
this mechanism works, although scientists are positive that such 
a connection does exist. Whatever this mechanism may be, it 
works most likely through the upper layers of the atmosphere 
and probably through a trigger effect, because it is hardly pos
sible that so much matter and energy expended in the lower 
regions of the atmosphere can be brought into play by low solar 
activity directly.

If a connection between the electro-magnetic processes in the 
upper atmosphere and the weather in its lower regions does ex
ist, modification of conditions in the upper layers can also serve 
as a method of influencing the weather.

As noted before, the climate on earth is in danger of being 
changed by the unintended effects of man’s activity. The ques
tion arises: could man’s intended actions, directed at modifying 
the climate, also prove dangerous? The question will be dealt 
with at a later stage.

Earlier we spoke primarily about various effects on meteoro
logical and hydrological processes. Lately scientists have been 
devoting more and more attention to phenomena that link up 
the electromagnetic fields in the environment directly with the 
biological processes in living organisms, including the human 
organism. It is well known that strong electric and magnetic
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fields near powerful radar stations exert a harmful effect on the 
human body, although we may not feel them.

What can we say about the weak fields comparable to the 
natural magnetic and electric fields of our planet? Some scien
tists believe that the oscillation frequency of the terrestrial 
magnetic field which coincides with the oscillation frequency of 
the rhythms of the brain, may have certain effects on the human 
body. This is still arguable, of course. Nevertheless, one must 
bear in mind that human beings are connected with the envi
ronment in very many ways, and not all of them by far have been 
discovered by science. In the future, we will probably be able 
to induce weak oscillations in the magnetic field of a given 
frequency over a given area.

Great vistas are opening up in the field of genetics. Only 
recently we witnessed the spectacular achievements of chemists 
who synthetized substances which do not occur in nature, sub
stances which have certain qualities and characteristics that they 
sought to impart. Now we have become used to such things. 
Synthetic textiles, artificial leather, strong fiber, excellent dielec
trics, and many other materials that combine different proper
ties are produced in most countries of the world.

Now it is the turn of the biologists, with the first results ob
tained in such sensitive areas of research as modification of the 
structure of the deoxyribonucleic acid which transmits heredi
tary properties from one generation to another.

This opens up the possibility of transforming the hereditary 
properties of the simplest organisms—viruses and bacteria. In 
time this may, on the one hand, become a marvelous means of 
combating harmful bacteria and hereditary diseases, but, on the 
other hand, it may be used to turn innocuous and even useful 
microorganisms in the human body into bacilli as dangerous as 
those that cause the plague.

Science, by the very logic of its development, has moved in a 
variety of ways into a new area of research, that of transforming 
nature itself. We can dig a giant pit, fill it with water and turn 
it into a man-made sea. We also can by a mere prod put to use 
powerful elemental forces, we can create new materials which 
do not occur in nature, and very possibly we shall soon create a 
new organism.
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It is hard to imagine all the possibilities that scientific and 
technological progress opens up. And it was precisely to prevent 
these possibilities from being utilized against the interests of 
humanity that the Soviet government submitted, at the 30-th 
session of the United Nations General Assembly, a draft agree
ment on the prohibition of the development and manufac
ture of new types of weapons of mass destruction and new 
systems of such weapons that could be developed using the pres
ent and future achievements of science and technology.

The sad experience of the past provides abundant evidence 
that scientific discoveries were almost invariably used for mili
tary purposes, and were even .made exclusively for war. But if 
we want to forestall a serious crisis, or a possible collapse of rhod- 
ern civilization, we must put an end to such a state of affairs.

And this is becoming possible to achieve because of the vast 
experience accumulated by humankind in the process of its 
social development.

THE ROAD TO OPTIMIZATION

We have already discussed various aspects of the irrational 
behavior of human beings with regard to the natural environ
ment and its resources and the attempts to use environmental 
modification for military and other hostile purposes. Many ex
amples illustrating the work being done in this field by scientists 
in the United States and other Western states have been cited. 
The reader could quite reasonably inquire about the state of 
things in the Soviet Union, and might want to know what 
socialist society has done to resolve the problem of interaction 
between people and nature.

This is a legitimate question which, it seems, is of interest to 
many people. No wonder that every year one or two books and 
a number of articles are published in the United States on nature 
conservation in the Soviet Union.

In his book, The Spoils of Progress: Environmental Pollution 
in the Soviet Union, published in the United States in 1972, 
M. Goldman describes the environmental situation in the area 
of Lake Baikal in Eastern Siberia. He writes:
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Not only are most of us unaware of environmental dis
ruption in a socialist country like the USSR, but somehow 
it has become a tenet of conservationist folklore that envi
ronmental disruption will no longer exist in a society where 
the state owns all the means of production. (31, p. 2).

In fact the entire book was written with the purpose of discred
iting what the author calls “folklore”.

Before proceeding to tell about the state of affairs in the Soviet 
Union, we would like to go back to our earlier question about 
the rational behavior of humans vis-a-vis nature. We referred 
many times to man’s irrational actions. So the question is what is 
meant by the term “rational” ?

We would propose the following definition: the rational utili
zation of natural resources, like rational modification of the envi
ronment in the habitat of any society, is such as can best serve, on 
the basis of the currently available information, the long-term 
needs of society’s present and future generations.

This definition can hardly be contested or objected to, for va
riously worded, similar definitions have already been offered in 
ecological literature. The idea of this definition boils down to the 
assumption that society can make rational use of the natural 
environment and its resources, only if certain imperatives are 
observed.

First, the very definition of “rational” or “irrational” with re
gard to any actions affecting nature can be applied only in a so
ciety which is not divided by conflicting interests but on the con
trary is united by lasting common interests.

Second, the rational use of the natural environment requires 
that society should have a long-term plan of action and should 
be able to use any of its resources for implementing that plan. 
This necessitates common ownership of all the environment and 
natural resources in the entire zone of human habitation.

Third, society must be organized in such a way that it will have 
no grounds for serious conflicts.

Socialist society fully meets these requirements; it consciously 
directs its development, having clearly formulated long-term aims, 
and it can and does organize rational interaction between human 
beings and nature.
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Such long-term goals are being carried out in the Soviet Union. 
It has long been known that Russia has very rich natural resources, 
but ironically, before the 1917 socialist revolution, even coal 
was shipped from Britain for the factories in Petrograd. The 
Soviet government showed its great concern for the national 
wealth of the country right after it took power in Russia. First of 
all, it was necessary to study the vast territory of the country, to 
locate and estimate the reserves of mineral wealth, to examine 
the system of rivers and seas. This task, viewed as one of para
mount importance, was incorporated in the plan of scientific and 
technical work of the Academy of Sciences drafted byvLenin in 
1919. (6)

The dedicated work of the first generation of Soviet scientists 
soon yielded good results. Rich deposits of mineral wealth and 
gigantic reserves of hydropower, new inland waterways and the 
Great Arctic Route, detailed soil maps, and numerous oth
er discoveries and investigations provided a solid economic ba
sis for our country’s sweeping plans for economic development.

Since then the study of natural resources has been planned in 
the Soviet Union so as to increase their total reserve, which is 
necessary for a continuous development of the national economy.

Alongside the study of natural resources the Soviet government 
has taken systematic measures for their rational and effective use 
in the interests of the people, and to protect the natural environ
ment.

In his speech “Fifty Years of Great Achievements of Socialism”, 
Leonid Brezhnev stated the clear-cut position of the Soviet state 
on this question:

The tempestuous growth of science and technology 
makes the eternal problem of the relationship between man 
and nature especially important and timely. Even the first 
socialists held that the bringing of man and nature closer 
together would be a characteristic of the future society. 
Centuries have passed since then. Having built a new socie
ty, we translated into reality many of the things which the 
predecessors of scientific socialism could only dream of. But 
nature has not lost for us its tremendous value both as the 
primary source of material wealth and as an inexhaustible
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well-spring of health, happiness, love of life and the spiri
tual wealth of every man.

All this should be recalled to stress how important it is to 
treasure nature, to protect and augment its wealth. Econom
ical, efficient use of natural resources, concern for the land, 
forests, rivers and pure air, for the flora and fauna—all 
this is our vital, communist cause. We must preserve and 
beautify our land for present and future generations of So
viet people.

The more rationally we utilize nature’s riches, the great
er the successes industry, agriculture and science will score, 
the higher the productivity of social labor will rise and the 
richer, finer and more cultured the life of the Soviet people 
will become. (9)

The Soviet Union has a long-term goal: to satisfy the growing 
material, cultural and intellectual requirements of all its citizens. 
A society which is equally responsible for the efficiency and re
quired volume of production, for the health and well-being of its 
members, must plan and develop its economy in such a way that 
one goal will not stand in the way of the other.

The national economy of the Soviet Union is built in accord
ance with the principle of effective utilization of all available na
tural resources. The planning of the economy as a whole makes 
it possible, and obligatory, to take into consideration both im
mediate and long-term requirements and their consequences, thus 
safeguarding the interests of both present and future genera- 
tions.

The entire natural wealth of the Soviet Union belongs to the 
whole people, and this means that no organizations or factories, 
or individual citizens can own land, its mineral wealth, its bodies 
of water, forests and other natural resources. They can use 
them only by permission and under control of the state.

These principles are formalized in the Constitution and in the 
laws based on it, including the Fundamentals of Legislation of the 
Union of Soviet Socialist Republics and Union Republics on 
health protection, on the use of land; on water management; on 
the use of mineral resources, and many other laws and government 
decisions. These legislative acts serve as the basis for taking ac-
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tion to make effective use of and to protect natural resources and 
the environment.

To illustrate. The Soviet Union has vast water resources. The 
total runoff of its rivers comes to about 5,000 cu km a year, or 
about 18,000 cu m per citizen living on its territory. But the geog
raphical distribution of its water resources is highly uneven. In 
the European part of the country, where about 80 percent of the 
entire production is concentrated, there are but a few large rivers, 
with a total runoff of a mere 1,100 cu km a year—i.e., 3,000 cu m 
of water per person a year—which is considerably less ^ a n  in 
the United States, China and many other countries.

The runoff of rivers in the USSR fluctuates from one year to 
another, and is in fact very uneven throughout the year: about 
80 percent of the runoff occurs in the spring and summer 
months. All that calls for serious measures to change the runoff 
system of our rivers on a national scale, in order to optimize the 
use of our water resources. To achieve this purpose, General Proj
ect for comprehensive utilization of water resources has been 
drawn up and is a part of the still broader overall national econom
ic development plan. Therefore, all the schemes for the use of 
water resources are closely tied in with the plans for the develop
ment of industry, with projects for irrigating arid land, with the 
available mineral resources in a given area, with the size of the 
population and its occupation patterns, with communications and 
with many other conditions.

The General Project served as the basis for regularizing the 
main rivers in the European part of the Soviet Union. Now large 
systems of water reservoirs have been set up on the Volga and the 
Dnieper, and giant hydroelectric stations generate colossal 
amounts of electricity. The high dams of these stations raised the 
level of water in these rivers, making irrigation of vast arid areas 
possible. At the same time, the entire river system of the Euro
pean part of the USSR is one huge transport network, connecting 
the Black Sea, the Sea of Azov, the Baltic Sea, the Caspian Sea 
and the White Sea.

A great deal of work to transform the river network and build 
irrigation canals has been done in the republics of Soviet Central 
Asia and in Transcaucasia.

•With the development of the national economy, the existing
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river systems are being developed and new such systems are being 
built. At present, a project is under consideration for diverting 
part of the runoff of the northern rivers—the Pechora and the 
Northern Dvina—into the Volga basin, in order to augment the 
Volga’s flow and in this way maintain the present level of the 
Caspian Sea. The water will also be used for irrigation.

Another project that has come in for scrutiny involves the 
possibility of diverting part of the flow of the great rivers in West
ern Siberia in a southerly direction, for irrigation purposes in 
Kazakhstan and in the Soviet Central Asian republics.

Soviet agriculture is developing in accordance with a long- 
range plan. The variety of climatic conditions in different parts 
of the country makes it possible to support a highly diversified 
agriculture. But, of course, there are great difficulties to contend 
with. For example, only one-third of the arable land in the Soviet 
Union can yield steady harvests without relying on artificial ir
rigation; the remaining two-thirds is in regions of insufficient 
humidity that suffer from occasional droughts. In the United 
States, by comparison, the situation is exactly the opposite: two- 
thirds of the arable land has sufficient moisture and only one- 
third is from time to time affected by drought. There are many 
places in the Soviet Union with excessive humidity. Therefore, 
Elective farming depends on good use being made of all the pos
sibilities of irrigation and land improvement, as well as of the 
purely climatic characteristics and water resources of a given 
region.

During the tenth Five Year Economic Development Plan 
(1976-1980) some four million hectares of arid land was irri
gated and about 5 million hectares of overhumid land was ame
liorated.

Forest belts have been planted to protect crops from dust 
storms, to conserve moisture in the soil and retain the snow in the 
I itTcls. The forests planted in the 1950s proved particularly effec
tive in protecting farm fields in the winter of 1969, when many 
oi our farming regions were hit by severe dust storms.

From 1976 through 1980, more than 1.4 million hectares of new 
Ik del-protecting forest belts were planted. Wide strips of forest 
were planted on riverbanks and along deep gullies. Forests were 
• i Iso planted over tens of millions of hectares to strengthen and
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improve the topsoil. The Soviet government allocated conside
rable sums of money for all these purposes.

A great deal of attention is devoted to the optimal utilization 
of our forests. The Soviet Union has the world’s biggest forest 
reserves. The government has set up forest protection and forest 
fire-fighting services, and forest restoration has been organized 
over a vast territory of our country.

Ore deposits are extracted from every ore basin until their Re
serves have been exhausted. It is worthy of note that not only are 
easily accessible deposits of coal and other mineral resources lying 
close to the surface extracted, but also the deposits which lie de^p 
underground. For example, the coal that is extracted by open-cut 
mining in Siberia is very cheap compared to the coal extracted 
in the deep Donets basin in the Ukraine. It is quite possible that 
if Donets mines were capitalist-owned, they would have long 
been closed down. But in the Soviet Union the attitude to min
eral resources and their extraction is quite different. We take into 
account the fuel balance of the country as a whole, the size of our 
population and the available manpower, and the existence of other 
types of fuel. With all these factors considered, it has been 
decided to continue the extraction of coal in the Donets basin 
until all its reserves have been depleted.

Methods of extracting metal from ore, as well as methods of 
extracting oil and natural gas, are being improved, although there 
is still a lot to be done in this field. Given ideal conditions, less 
than 50 percent of the oil discovered is eventually mined, the rest 
remaining underground. This situation obtains in all countries 
where oil has been found. Only recently, serious measures were 
initiated to stop the wasteful burning of associated gas during 
oil extraction. In many countries, billions of cubic meters of such 
gas are still burned up in this manner.

Efficiency in choice of materials for production is being im
proved. Expensive metals are being replaced wherever possible by 
less expensive plastics, concrete, etc.

Re-use of materials for the second time, and even multiple re
use, are gradually becoming a standard technique in saving 
resources and reducing environmental pollution from waste.

Despite the fact that in the Soviet Union environmental 
pollution is mostly of local character and not nearly as exten-
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sive as in other technically advanced countries, the problem of 
purification and prevention of discharge of wastes is regarded 
as one of the most important, considering the rapid develop
ment of the national economy. No factory can be started up 
without appropriate purifying installations. Waste-treatment 
facilities are also being installed, although not nearly as rapidly 
as we would like to see them, at old enterprises built during 
the last war or in the difficult period immediately after it.

Thanks to these measures, the percentage of water recovered 
from Waste is growing, in spite of the rapid development of 
industry and the increasing amount of industrial waste. Thus, 
over the past seven years the amount of recycled water in the 
total amount of effluent has grown from 43 to 65 percent.

In March 1972, the Central Committee of the CPSU and 
the Council of Ministers of the USSR decreed stern measures 
to clean the Volga and the Urajs. Concentrated in the Volga 
basin are large numbers of diverse industrial establishments, 
many of which were built a long time ago and therefore have 
no proper waste-treatment facilities.

Some of these measures have been enforced. Large waste- 
treatment plants have been built in the city of Gorky, a major 
industrial center on the Volga.

Special measures are being worked out to protect the more 
valuable bodies of water. Conservation of the waters ot Lake 
Baikal is a case in point. To protect the purity of water in this 
unique lake has become the concern of the whole nation. The 
problem of Lake Baikal has been discussed by specialists and 
given much prominence in the press.

Discussion of the Baikal problem appeared in the foreign 
press, too. In his book, M. Goldman attempted to prove that 
die measures being taken by the Soviet government to protect 
Lake Baikal were just as inadequate as similar measures being 
taken in the capitalist countries. He wrote:

Unfortunately the rape of Lake Baikal shows that 
public greed and lust can be as destructive as private 
greed and lust. (31, p. 208)

However, facts must also be considered. The government’s 
decrees outlined the objectives of the Soviet state with regard
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to the Baikal area: to protect this unique natural complex and, 
at the same time, without disturbing its main characteristics, to 
carry on the exploitation of the natural resources oi this area. 
Acting strictly in accordance with this goal, the appropriate 
organizations drew up a comprehensive program of economic 
development not only for the lake itself and its coastal regions 
but in fact for the entire Baikal basin. The plan is now being 
successfully carried out.

To begin with, appropriate measures were taken to preclude 
any direct adverse influence on the ecological character of Lake 
Baikal. The factories built on the shores of the lake were fitted 
with special purifying facilities, combining mechanical, chemi
cal, and biological methods of purification, which are most 
probably the best in the world. The cost of these purifying 
installadons is close to a quarter of the cost of the factories 
themselves. These installations have brought down the level of 
particulate matter in the factories5 effluent below the maximum 
permissible concentrations adopted by the sanitary and fish- 
protection services. Mr. Russell E. Train, Administrator of the 
Enviromnental Protection Agency, whom the author of this 
book invited to visit the Baikal area back in 1972, was very 
favorably impressed by the efficiency of these installations, as 
can be judged by his articles in the American press.

At present, work is nearing completion on the building of 
purifying installations at factories in the middle reaches of the 
River Selenga and some other tributaries of Lake Baikal. In 
fact, the entire pattern of the forest economy in that area has 
been changed. For example, drift floating of timber on all the 
rivers draining into Baikal has been banned. Also, all sunken 
timber has been removed from the bottom of Baikal’s tri
butaries.

Many more similar measures have been taken, but these are 
only the first steps. Soviet authorities are considering further 
steps to stimulate economic progress in the Baikal area without 
causing damage to its natural environment. For this purpose, 
the Academy of Sciences of the USSR, and other scientific or
ganizations have launched an extensive research program in
volving the assessment of the present hydrochemical balance of 
the Baikal basin and its possible changes, given different va-
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riants of economic development in the area, as well as estimates 
of the impact such changes could exert on the local flora and 
fauna.

The results of such investigations make it possible to system
atically verify the sufficiency and adequacy of the measures 
taken and to plan further progress of the local economy on a 
scientific basis.

Of course, we cannot as yet extend the whole complex of 
such measures to all the lakes and rivers of the country. Howev
er, Soviet scientists and economists believe that the measures 
taken to improve the situation in Lake Baikal, which have no 
parallel anywhere else in the world, not only will make it pos
sible to establish rational interaction between the economy and 
tlie natural environment in this area but also will furnish prac
tical experience and know-how in planning large-scale economic 
development projects so as to avoid serious environmental 
hazards.

Important measures are being taken to prevent atmospheric 
pollution. So far they have been limited to measures to improve 
the effectiveness of purifying installations whose use on a wide 
scale will considerably reduce (in spite of the rapid develop
ment of industrial production) the amounts of dust, carbon 
monoxide and some other pollutants discharged into the atmo
sphere.

In the fight to lower the high concentrations of atmospheric 
pollution, Soviet authorities take other measures as well, such 
as the reduction of discharge of industrial waste on days when 
l he wind is not strong enough to disperse it. At present, more 
than 100 major industrial centers have a monitoring service to 
detect and warn factories about high levels of concentration of 
industrial waste in the atmosphere, and to have them reduce 
the amounts of discharge if the atmospheric conditions make 
it imperative.

Such warnings enable factories to considerably reduce the 
amounts of pollutants discharged, without slowing down pro
duction. In some cases, when meteorological conditions were 
particularly unfavorable, the discharge of pollutants dropped 
severalfold below the maximum permissible concentration 
levels.
7-2300
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Significantly, the purification systems now in use throughout 
the world are largely inadequate. It is necessary to change over 
from the so-called direct water supply in industry to the closed f 
cycle, so that water would circulate uninterruptedly the same 
way as it does in the radiator of an automobile.

This is the best and most promising way of saving the water 
used in industry. In the Soviet Union, the amount of water in 
closed-circuit circulation back in 1966 was estimated at 65 cu 
km a year. By 1970 this figure had gone up to 98 cu km, which 
accounted for about 50 percent of the total amount of pure 
water saved. The expenditure of fresh water on industrial needs) 
in 1980 remains the same as it was in 1975.

The key to solving the problem of clean air lies, according 
to specialists, in totally eliminating any discharge into the at
mosphere. In heating systems, this has been achieved by burn
ing natural gas. In Moscow the utilization of this smokeless 
fuel in its centralized heating system has made the air in this 
big industrial center virtually clean.

We are trying to use technical innovations for still more effec
tive and rational utilization of resources, for preventing pollu
tion of the natural environment and for its amelioration.

Of special importance are the growing possibilities for chang
ing the structure and balance of renewable resources. Take, for 
example, changing the structure of water resources. The first 
attempts to modify the hydrographic network of rivers and 
lakes, for the purpose of building convenient transport routes 
and irrigation systems, were made in very early times. The build
ing of dams, reservoirs and canals substantially modified the 
runoff and in this way made it possible to utilize the water in 
rivers more effectively. At present about 3 percent of the ag
ricultural territory of the globe is irrigated. This means that a 
small fraction of the world’s river flow is used in artificial irri
gation.

Work on the transformation of natural resources for the pur
pose of making better use of them is being done to a varying 
extent in all countries. For the Soviet Union and the other so
cialist countries, such changes are regarded as an integral part
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of the comprehensive and unified national plans for economic 
development and for optimal use of natural resources. Many 
of the measures being taken are truly unique; no wonder they 
are carefully examined and discussed. For example, there was 
a long and heated argument among scientists over a project in
volving the construction of a hydropower station in the lower 
reaches of the Ob River. The water reservoir formed by its 
high dam would flood a vast area that is not used for farming 
in any way but is rich in oil and natural gas. So, after all the 
pros and cons had been weighed, the project was scrapped.

Another sweeping project under discussion involves the di
version of a part of the flow of large northern rivers in the Eu
ropean part of the USSR and Siberia in a southerly direction. 
This project raised a great many collateral economic physico- 
geographic problems, and now scientists and engineers are look
ing for the best ways of solving them.

Very promising experiments on breeding some varieties of 
fish in large lakes and seas have been carried out by Soviet 
scientists and fish-farming organizations. Thus the famous trout 
from Lake Sevan in the Caucasus have now found a second 
home in the giant Lake Issyk-Kul in Soviet Central Asia where 
they are bred for commercial fishing. The mullet of the Black 
Sea now live in the Caspian Sea. Before the fish were resettled 
in the new habitat, fish breeders had stocked the Caspian with 
feed from the Black Sea. Measures have been taken to improve 
the fisheries in the Sea of Azov and to set up special seal-breed
ing farms in the Caspian Sea.

The scope for rational utilization and management ot natu
ral resources is increasing and has transcended the boundaries 
of a single country. The Soviet Union is linked up with Euro
pean countries by oil pipelines and electric power transmission 
lines, thus enabling these countries to use electric power, natural 
gas and oil from the USSR.

Today, the Soviet Union and these countries make optimal 
use of natural resources, in line with their common interests 
and according to the money and effort each contributes to the 
exploitation of the resources. Although the press often tends to 
blur or simply negate the distinctions between the ways in which 
capitalist and socialist economies interact with the natural en-
7*
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vironment, some Western scientists give due consideration to
these distinctions. Pointing up the similarity in the technical aspect 
of prevention of environmental pollution in the USA and the 
USSR, Prof. Bariy Commoner writes in his book The Closing 
Circle:

In response to these difficulties, a strong ecological move
ment seems to be developing in the USSR; members of 
the scientific community have criticized industrial develop
ments that ignore or underemphasize environmental effects, 
and citizens, as everywhere, complain of the resulting pol
lution. Recent government actions appear to presage a 
more vigorous ecologically oriented control over industrial 
planning. Here, of course, the socialist system in the Soviet 
Union does have an important practical advantage over 
the private enterprise system. Nationwide, all-encompassing 
plans for industrial and agricultural development—indeed, 
for nearly every aspect of economic life—are an intrinsic 
feature of the. Soviet system. The advantage of such plan
ning in any effort to alleviate environmental problems 
hardly needs to be demonstrated to anyone familiar with 
the chaotic environmental situation in the United States— 
where AEG atomic safety regulations have been challenged 
by several states; where government officials are engaged 
in a long, frustrating battle with the auto industry over 
pollution standards; where the need for ecologically 
sound agriculture comes in conflict with the economic 
interests of the producers of fertilizers and synthetic pes
ticides.

Finally, the socialist system may have an advantage over 
the private enterprise system, with respect to the basic rela
tionship between economic processes and ecological imper
atives. (26, p. 280)

Why does the Soviet press carry so many articles criticizing 
industrial managers at plants and factories that pollute the en
vironment, and why is so much attention given to disturbing 
situations in areas adversely affected by industry?

Do we really think that in the Soviet Union the optimal rela-
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tionship between society and the natural environment has been 
achieved? No, we don’t, and Soviet people are well aware of the 
reasons why.

The rich and varied natural resources of our country, and the 
vastness of its territory, and the comparatively low density of 
population have over the centuries fostered a care-free attitude 
to the natural environment. The abovementioned measures to 
organize nature preserves and to conserve natural resources, taken 
during the first two decades after the 1917 socialist revolution, 
were a matter of principle and were not prompted by the fear 
that a disruption of the ecological balance might be harmful to 
the people’s health or damaging to the nation’s economy, for in 
those days no such disruption was yet in sight.

While recovering from the severe damage inflicted by the 
foreign military intervention and the civil war in 1918-1919; 
while building our industry in the 1930s, which put a tremen
dous strain on the nation’s resources and manpower; and later, 
while rehabilitating the ravaged economy after the nazi invasion 
in World War II, the Soviet government was unable to allocate 
sufficiently large sums of money for these purposes. But even then 
the Soviet state did all it could to protect the natural environ
ment and the health of the country’s population.

The Soviet Union was the first country to establish limits for 
permissible concentration levels of pollutants in water and air. 
Significantly, these are the most stringent limits that have so far 
been imposed anywhere in the world, for/they allow of concen
trations that are the least harmful to human health. The govern
ment has also adopted many laws, which we mentioned earlier 
in this account.

A fundamental change in the attitude to nature occurred in 
the late 1960 and the early 1970s. In the first place, the develop
ment of industry, the industrialization of agriculture and land 
improvement had reached such levels that people’s intrusion 
upon nature was finally showing certain negative effects. Sec
ond, we studied the experience of the United States, FRG, Jap- 
;m and some other industrially advanced countries where the 
environmental situation had grown very serious indeed. Very im
portant measures were taken by the Supreme Soviet of the USSR 
at its session specially called for this purpose in September 1972,
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following a lengthy discussion on various environmental prob
lems.

The fact that so much attention is devoted to these questions, 
in a country where the level of environmental pollution is at 
least 1/20 that in the United States, in the FRG and in other 
technically advanced countries, gives us confidence that the So
viet Union will cope with this problem successfully.

What is actually being done to fight environmental pollution?
The Soviet hydrometeorological service, which has stations and 

outposts strategically located all over the country, monitors en
vironmental conditions and reports the incidence of pollutants 
in the air, water and soil. In addition to this, the sanitary-epidem
iological service of the Ministry of Public Health, special in
spection teams of the Ministry for Land Improvement and the 
Water Economy, and the Ministry for Fisheries monitor the in
cidence of toxic substances. Special organizations keep an eje. on 
the operation of water- and air-purification installations at fac
tories and plants. None of these organizations, it should be noted, 
is subordinate to the ministry responsible for the particular in
dustry involved.

Each ministry is required to observe the laws and decisions of 
the government with regard to the natural environment and its 
resources, but in addition to all the Soviet governmental bodies, 
there are also special organizations that enforce these laws. For 
example, the USSR State Forestry Committee keeps an eye on 
the condition of the forests and their restoration, while the cut
ting of timber and its use is the job of the Ministry of Timber 
and Woodworking Industry and organizations directly concerned 
with it. The observance of the correct and effective exploitation 
of mineral deposits is the responsibility of the State Committee 
for the Inspection of Mines.

Measures for the protection of the environment and for the 
rational utilization of its resources have, since 1975, formed an 
important section of the state plan for the development of the 
national economy that, is adopted by the Supreme Soviet of the 
USSR each year.

The brevity of the sessions of the Supreme Soviet may create 
the false impression that it does not devote enough time to dis
cussing important matters (which is often mentioned in the Amer-
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ican and West-European press). This is not true. Both cham
bers of the Supreme Soviet of the USSR have a large number 
of standing commissions concerned with the fundamental eco
nomic problems of this country (commissions for industry, trade, 
agriculture, for the affairs of the youth, etc.). All these commis
sions are made up of deputies whose knowledge, experience and 
interests are best suited for the job. More than 30 percent of the 
members of the Supreme Soviet are at the same time members 
of these commissions. There are also commissions for environ
mental protection.

Before the reports on the execution of the state plan and budget 
for the current year, and the guidelines for the economic plan 
and budget for the next year are submitted to the Supreme So
viet for discussion, they are given thorough scrutiny by its com
missions.

Thus the Commission for Nature Conservation, of which the 
author is a member, hears reports from eight-ten ministries whose 
factories pollute the natural environment. The ministers involved 
sometimes have to listen to sharply critical remarks and take into 
account proposals to readjust their plans. The commission also 
studies reports from supervising bodies and submits its recom
mendations to the Supreme Soviet. Some of these recommenda- 
lions are incorporated in current plans and others, of a more 
fundamental character, are used in drawing up guidelines for 
future planning.

At its 25th Congress, the Communist Party of the Soviet Union 
devoted special attention to the problem/of environmental pro
tection. In his speech at that Congress, Alexei Kosygin, Chairman 
of the Council of Ministers of the USSR, reported on guidelines 
for the development of the national economy of the USSR for 
the 1976-1980 period. He said:

The scale of economic activity in the Tenth Five-Year 
Plan period and the specifics of the modern technological 
processes used in industry, particularly in branches such 
as metallurgy and the chemical industry, require special 
measures to protect the environment. Large allocations 
are envisaged in most industries for these purposes. New 
methods and means of controlling the ejection of noxious



104 E. FEDOROV

waste into the atmosphere are to be used, and provision is 
being made for the comprehensive and rational use and 
protection of water and forest resources. All industries are 
to be switched to the utilization of recycled water. For in
stance, in the chemical industry, despite considerable growth 
in production, the discharge of industrial effluent into riv
ers and lakes and the ejection of noxious wastes into the 
atmosphere will be reduced, while the utilization of fresh 
water for industrial purposes in 1980 will remain at the 
1975 level. (8, p. 152) ^

Western journalists write that in the USSR a factory mahager 
who breaks the rules regulating the work of industry vis-a-vis 
the natural environment pays but a very small fine compared 
to the bonus he gets for fulfilling the plan. In fact, he breaks 
these rules, they say, precisely because he is required to) meet 
the targets of his production plan.

Such violations did take place, it is true, but all that is a 
thing of the past. Now the situation has changed drastically. 
Industrial managers who have allowed large quantities of in
dustrial waste to be discharged into the atmosphere or into a 
river can be prosecuted on criminal charges. The Soviet press 
carries a large number of reports of this kind.

On February 4, 1975, the newspaper Pravda carried an edi
torial which examined the Decision of the Central Committee 
of the CPSU and the Council of Ministers of the USSR “On 
Measures to Prevent the Pollution of the Basin of the Sea of 
Azov and the Black Sea”.

The decision noted that as the result of the operation of 
waste-treatment facilities and water conservation schemes at 
factories, cities and health resorts around the Black Sea and the 
Sea of Asov, and of other pleasures taken to this effect, the 
amount of untreated effluent and other industrial wastes dis
charged into these basins has been reduced considerably.

At the same time, the decision called attention to the inade
quate capacity of some waste-treatment facilities in view of 
the growing volume of housing and industrial construction. The 
document pointed out that the ministries responsible for the 
work of some factories had not acted promptly enough to adopt
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advanced techniques to prevent environmental pollution, to 
solve the problem of multiple processing of raw material and 
utilization of waste.

The Central Committee of the CPSU and the Council of 
Ministers of the USSR directed the governments of the Russian 
Federation, the Ukraine, Byelorussia and Georgia, and the exec
utive bodies of the relevant industries to enforce the measures 
listed in the decision, in order to completely eliminate the dis
charge of industrial and domestic effluent before the end of 
1984. In some cities, and at a number of factories, the discharge 
of effluent was discontinued by 1980. All ships sailing the seas 
and the rivers that flow into them tnust be equipped with me
chanisms for collecting waste and delivering it ashore. Collective 
farms and state farms were directed to see to it that no poiso
nous chemicals would get into rivers. The USSR Ministry for 
Land Improvement was directed to act jointly with the govern
ments of the Russian Federation, the Ukraine and Georgia in 
drawing up a regional scheme of nature conservation and the 
rational use of the natural resources of the Black Sea and the 
Sea of Azov for the period ending in 2000.

Rational utilization of natural resources and a thrifty attitude 
lo the environment were the subject of an Izvestia editorial en
titled “Nature and Man”, published on February 11, 1976. 
Besides giving an overall analysis of this problem in the USSR,
I lie article contained a number of suggestions from Izvestia 
readers (most of which had been published in that newspaper) 
with regard to the proposed guidelines for the 10th five-year 
|)lan of economic development.

It must be noted here that state supervisory organizations 
have enlisted the services of hundreds of thousands of volunteer 
assistants, members of the societies for the protection of the na
tural environment in all the constituent Soviet republics, also 
members of the Geographic Society and many other societies,
» Iubs and movements, such as societies of young naturalists, 
»»< irlies of young Michurinites (named after the Soviet scientist 
Ivan Michurin).

The staff members of research organizations and individual 
•« imlists take an important part in the protection of the natu- 
i a I environment. There are many scientific councils all over the
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country which cooperate in studying different aspects ot this 
problem. In their articles and in their speeches, scientists make 
critical remarks and offer numerous suggestions aimed at im
proving the environmental situation. For example, the Soviet 
press has carried numerous articles about the expediency of 
charging money for the use of water, land and other natural 
resources that are the property of the entire people.

The Soviet economic system incorporates the use of various 
means for combating the deterioration of the environment. At 
present, we are improving the rules and standards regulating 
the utilization of natural wealth. Some economists consioer it 
expedient to introduce economic incentives in the form of bo
nuses to be paid when there is some economy of a given re
source. (In all cases, naturally, it is always government organiza
tions that will settle such accounts.) Each of these proposals and 
suggestions has its positive and negative aspects. The discussion 
is still going on.

To conclude this chapter, I would like to add that public 
ownership of natural resources and the means of production, 
which constitute the basis of the socialist system, and the planned 
character of the development of socialist society, offer every 
opportunity for the building of an optimal system of relation
ships between human beings and nature, as the experience of 
the Soviet Union and the other socialist states has shown.

However, as we have repeatedly stressed for all the vastness 
of the Soviet Union’s territory, and, in fact, the territory of all 
the socialist countries taken together, it would not be possible 
for them to resolve this problem in its entirety, precisely because 
nature conservation is a global problem.

How and when the environmental problem will be solved 
depends on two key factors. First, scientific and technological 
progress will enable us to pass from describing nature to shap
ing it. The second factor is social progress which, in the words 
of Karl Marx, is the only thing capable of ensuring the transi
tion from a spontaneously developing culture to a culture peo
ple can direct consciously for their own good.



CHAPTER THREE

FROM SPONTANEOUSLY 
DEVELOPING TO CONSCIOUSLY 

DIRECTED CIVILIZATION

HUMANS SHAPE NATURE

t its every stage society’s interaction with the-natural en
vironment puts a new angle on our requirements for in

formation about the natural environment, and on the develop
ment of the earth sciences.

On the one hand, these sciences have arisen out of the long 
experience of man’s interaction with nature. On the other hand, 
the earth sciences serve as a means to further expand this in
teraction and make it more effective.

The earth sciences furnish fresh information about the na
tural environment and its resources and in this way help human 
beings to protect themselves from adverse elemental phenome
na, and to find more natural wealth and to put it to work. This 
aim continues to exist today.

But there is still another task that is growing in importance: 
lo create techniques for predicting how natural conditions will 
change under the impact of human activity, whether deliberate 
or unintentional. This is a very difficult task, and many special
ists doubt that it is feasible at all. Therefore some of them de
mand that all anthropogenic modification of the environment 
be stopped, since nobody can say for certain what these changes 
may lead to. However, the influence of man upon nature, and 
die transformation of nature are inevitable. People’s influence on 
die natural environment has become worldwide, and its intensity 
is growing all the time and will continue to do so in the future.

Research on some natural features has over the entire pe
riod of man’s existence been connected with the work to adapt 
diese features for his own use. For example', the hydrology of 
inland waters, pedology [soil science] and forest science have 
been growing side by side with hydraulic engineering, agronomy 
and forestry.
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However, until recently the scale of such transformations— 
the portion of a natural resource being transformed, and peo
ple’s impact on the long established natural processes—hats been 
insignificant.

Now all this has changed dramatically.
Today, giant power, land-improvement and transport hydro- 

technical projects can, in a very short time, change river sys
tems to a much greater degree than the natural fluviomorpho- 
logical processes have done over thousands of years. Recon
structed river systems constitute a sizeable proportion of the £) t̂ire 
river network of the globe. Still more marked are changes be
ing made in the condition of the soil, forests, and other elements 
of the biosphere.

The present-day level of technology and know-how ensures 
rapid development of such projects and schemes. But we are 
still unable to properly assess our own capability to calculate 
and predict all the consequences and implications of man’s in
terference with the structure and composition of the natural 
environment.

It is fairly easy to calculate the amount of time it takes to 
create a water reservoir, but it is far more difficult to predict its 
future biochemical status and its fishing possibilities, the wash
out of its shores and the effect of a sudden rise of subsoil waters.

It is easy to exterminate all agricultural pests (and together 
with them all the other insects, as is often the case) over a large 
area, but it is difficult to foresee what new ecological balance 
may develop in that area and when, or what ultimate effect 
such a balance might have on the crop we have tried to protect.

It is easy to explode a nuclear device at an altitude of 100- 
200 kilometers, but it is still unclear just what perturbations 
may occur in the sensitive upper atmospheric layers as the re
sult of such an explosion.

Thus, the tasks we mentioned above are the focus of atten
tion by earth scientists. They are numerous and complicated, 
particularly because there already exist means by which people 
can regulate natural processes, and because there are unstable 
conditions in the environment that make it possible for people 
to interfere with elemental processes with relative ease.

Let us take a look at the present state of the earth sciences
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and the prospects for their development in the light of the prob
lems under review.

Information about the condition of the phenomena under 
study is of tremendous importance for all earth sciences. Re
search in every field of knowledge begins with the information 
that the researcher has at his disposal. However, unlike the 
sciences which have long since used experimentation as their 
basis for obtaining data in a particular field of research, ecology 
is a sphere where scientists have to process tremendous amounts 
of information to find the few facts and data they need. The 
more comprehensive is the character of the phenomenon under 
study, the more information they have to analyze.

It is not accidental that due to the very logic of the devel
opment of sciences about the earth, the systems of obtaining and 
processing information are being re-equipped fundamentally.

The most important aspects of the developing technology of 
observation are the use of telemetric systems, mobile platforms 
;md various remote-control methods.

A few decades ago, all measurements—of temperature, of in
tensity of the magnetic field, of speeds of currents in rivers and 
seas, and of other characteristics of the environment—were 
taken, as in the century or two preceding, only at the point of 
observation.

In 1930, the Soviet Union launched the first radiometer 
probe which also was probably the world’s first telemetry system. 
After that, the first automatic meteorological stations were set 
up in remote locations on the land surface of the USSR and on 
drifting ice floes in the Arctic. Alongside these stations which 
(ransmitted data on weather conditions at regular intervals, So
viet weathermen also launched special meteorological rockets 
in the 1950s. At present, telemetry systems are used for various 
meteorological, oceanographic and other geophysical measure
ments. They have assumed special importance in space research, 
where a complex system of measurement instruments and facil- 
iiies mounted in spacecraft is sent out to collect information 
horn other celestial bodies hundreds of millions of kilometers away 
irom the earth.

During the past several decades, wide use has been made of 
.iiiplanes specially equipped to quickly determine the condition
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of the atmosphere and various characteristics of the earth’s sur
face over large areas, by means of magnetic observation survey, 
by mapping large ice floes in the seas and by measuring the 
temperature of seaWater. The survey techniques were vastly 
improved with the launching of special space probes that circle 
the earth and flash back much of the vital information about 
our planet.

The utilization of space probes has created essentially new 
capabilities for obtaining information about various processes 
taking place on earth. Significantly, space probes came to the 
aid of scientists at the time when their need for a wider spectrum 
and volume of information was very great.

The first thing they did with the help of man-made satellites 
was to obtain atmospheric data. Never before could meteorolo
gists hope to see the atmosphere over the whole of the globe, 
or be able to observe the formation and movement of clouds, 
the zones of precipitation and many other phenomena.

Thousands, even tens of thousands, of observers on all conti
nents could now see the atmosphere and collect vital informa
tion, which was then disseminated via a ramified system. At 
present four or five weather satellites, those in geostationary 
orbit and those on polar orbits do a good deal of this work, and 
are expected to do almost all of it in the future.

The information that scientists obtain from the satellites is 
becoming increasingly varied and exhaustive, including the 
quantity and even the quality of the ice in the seas and oceans, 
the location of ice fields, the accumulation of snow in the 
mountains, the condition of forests and agricultural crops, and 
even the geological structure of the earth’s crust.

The recording by satellites of infrared radiation and high 
radio-frequency range radiation that emanates from the surface 
of the earth, from clouds and from different layers of the at
mosphere enables scientists to measure the temperature of the 
surface of the land or the sea, to establish temperature patterns 
in the atmosphere according to altitudes, to observe the quanti
ty of vegetation in the fields, the state of crops and forests, the 
location of polluted areas on the surface of the seas and oceans, 
the movement of schools of fish, and many other elements of 
the environment.
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So far, the natural radiation emanating from the earth’s sur
face has been used in circumterrestrial survey only as a passive 
source of information. Still broader possibilities for obtaining in
formation will be opened up with the help of active probing from 
satellites using radar, laser beams, etc. But these possibilities will 
be available only after more powerful energy generating sources 
have been developed, specially for use in satellites.

The use of satellites has stimulated the development of new 
techniques for probing the lithosphere, the hydrosphere and 
the atmosphere by remote control. For a long time, geophysi
cists used the passage of natural seismic waves through our 
planet and the spread of acoustic waves from powerful ex
plosions in the air for studying the inner structure of the 
earth and its atmosphere. This led to the use of artificially 
induced seismic, acoustic and hydroacoustic waves for studying 
(lie structure of the earth’s crust, the atmosphere and the ocean. 
The study in the radio-frequency range has proved very effec
tive for discovering and measuring the characteristics of many 
atmospheric phenomena, such as ionization in the upper layers of 
the atmosphere, and the precipitation, formation of clouds and 
some other phenomena that take place in its lower regions.

The use of telemetric methods and mobile measurement 
systems calls for automation of analysis and its processing, be- 
< ause of the high speed at which data is obtained and the tre
mendous amount of information to be processed. All these oper
ations are now fully computerized.

Observation of the earth’s surface, using sophisticated record
ing equipment and data-processing techniques, are widely used 
by meteorological services. At present automatic lines have 
been established to cover the full cycle of operations—from 
obtaining and analyzing meteorological and hydrological infor
mation and data, flashed by earth-based stations or orbiting 
..itellites, down to the drawing up of maps which then go to the 
weatherman’s desk.

The need to have global information about all the media of 
<>iir planet necessitates the development of international co
nin'ration, in order to coordinate methods of observation, prompt
ly collect data and pass it on to different countries for circula
tion there.
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Such cooperation in the field of meteorology has been devel
o p in g  for a long time. The World Meteorological Organization 
has existed for more than a hundred years. The world weather 
watch, which at present integrates the activities of weathermen 
throughout the world, is a complex network system which can 
promptly collect and disseminate weather information among 
all of its members over a whole hemisphere in 3-5 hours, and 
over the whole of our planet in 6-8 hours.

Similar international organizations were later set up to ex
change information on the phenomena of terrestrial magnetism, 
on earthquakes, on the condition of the world ocean, etc. x

Also successful are the efforts of geologists in different coun
tries to coordinate the results of their research. During the 
past ten years of cooperation, hydrologists in many countries 
have obtained reliable information about moisture circulation 
and about the water balance of our planet.

We receive information about the planetary processes taking 
place in inorganic nature—in the lithosphere, hydrosphere, and 
atmosphere. Although the volume of information and the speed 
at which it is processed still fall short of geophysicists’ expecta
tions, the rapid development of technology gives us every reason 
to assert that in the near future the shortcomings in this field 
will be eliminated.

It is much more difficult to ensure a steady flow of informa
tion about the vital functions of the biota—i.e., the entire ag
gregate of living organisms on our planet.

It is necessary to examine the reaction of the biota to anthro
pogenic changes in the biosphere, but it is utterly impossible sys
tematically to observe the condition of all the plant and animal 
species on earth. What criteria should be used to assess the 
state of the biota? Where should such observation outposts be 
set up? And what condition should be regarded as “normal” ? 
At present, national research centers and various international 
organizations are discussing the expediency of setting up a sys
tem of local and worldwide monitoring services to keep the 
condition of the biosphere—i.e., the state of the biota—under 
day-to-day observation.

There is no doubt that all these questions will be solved, and 
that a monitoring system which will provide a steady flow of
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information about the condition of the biota (and, consequent
ly, the whole of the biosphere) will be set up in the near future.

A new fundamental feature of earth sciences ;today is research 
on phenomena taking place on a global and even a cosmic scale.

Both in the interests of basic research and for more imme
diate practical purposes, scientists are increasingly drawn to 
the study of phenomena related to the whole of our planet. 
This is also prompted by the growing importance of the “glo
bal” elements in our practical work. Communication channels 
and airline routes are getting longer, and the development of 
submarine deposits of mineral wealth is moving farther and 
farther away from shore. Pollution and other modifications of 
the natural environment that take place in one country have 
effects far outside its territorial limits. Perturbations in the at
mosphere caused by nuclear explosions and the launching of 
space ships have a global effect. And finally, space flights and 
human activities in the near regions of outer space also ha;ve 
a global character.

In this connection, all information about the state of the 
natural environment on the whole of our planet, as well as our 
understanding of the processes unfolding over all of it, become 
increasingly important, in purely practical terms. Problems di
rectly related to outer space are also becoming increasingly im
portant.

The geochemist studying the circulation of substances on 
earth naturally wants to know more about the general laws 
which govern the circulation of substances on the other planets 
of the solar system in different periods of their existence.

The meteorologist is concerned with the study of not only 
(lie atmosphere of the earth but also the atmospheres of other 
celestial bodies. Man’s ambition to land on other planets has 
put a practical angle on their ideas about the structure and 
properties of their atmospheres. Thus, some of the parameters 
have already been established for the atmosphere and the sur
face of the planet Mars. The successful landing and long oper
ation of Soviet automatic stations on the surface of Venus in 
1975 were made possible by earlier probing and research on the 
properties of that planet’s atmosphere. Scientists concerned with 
other geophysical phenomena are interested in similar problems.
8—2300



114 E. FEDOROV

This aspect of development of the earth sciences exemplifies 
the current “cosmocization” of science. At the same time it fa
cilitates our understanding of the possibilities of changes of the 
environment on a global scale.

Significantly, the research programs range over all aspects 
of complex phenomena taking place on the borderlines of the 
different “spheres” of our planet, and affecting these spheres.

This leads, just as in other sciences, to the merging of what 
used to be different disciplines, and to the emergence of new 
marginal disciplines. 'x

Right from the first decades of our century, the few disciplines 
of a more or less general character such as astronomy, 
geography, geology, botany, zoology and others, gave rise to a 
multitude of specialized, clearly delineated fields of research: 
meteorology, hydrology of the waters of the land, oceanology, 
astrophysics, etc. At present, roughly since the 1950s, alongside 
further ramification, the process has been reversed to a certain 
extent, and scientists specializing in one area are more and more 
inclined to study phenomena and solve problems by drawing 
on the experience and methods used in other fields. Only in 
this way can the close links between all the elements of our 
planet be revealed and understood. The atmosphere and the 
ocean; the atmosphere, the ocean and the earth’s shell; geo
physical phenomena and the biota (the aggregate of living or
ganisms) are interconnected.

Even such seemingly unrelated sciences as geophysics and 
biology are beginning to converge.

The attention that biologists devote to the populations of 
certain organisms, or to the study of whole complexes of such 
populations which form biocenoses, leads naturally to an in
terest in the connections between individual organisms, popula
tions and the environment, known as biogeocenosis. This term 
refers to the stable aggregate of populations of various organisms 
in certain conditions and within the framework of the inorgan
ic natural environment.

It is the job of ecology as a science to study in their entirety 
the interconnections between living organisms and the environ
ment. And this opens up a new area of knowledge, covering a 
wide spectrum of phenomena and methods of research.
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The countless interwoven processes that link an organism 
with its organic and inorganic habitat highly complicate this 
job. But, at the same time, ecology as a science is called upon 
to evaluate (on the basis of a complex analysis of information 
drawn from various disciplines) the effects of the unintentional 
anthropogenic impact on the environment, and the deliberate 
action aimed at modifying it.

The basic and more difficult elements of such estimates are 
the calculation and prognostication of future episodes in the 
natural environment which may be expected in the course of 
natural processes taking place, and also as the results of unin
tentional and deliberate action by human beings. This calcula
tion may be based on a statistical analysis of information about 
similar events in the past. However, calculations allow for the 
(‘mergence of certain meanings of the sought quantity over 
certain lengthy periods in the future.

After long and careful meteorological observations from ft 
given place on earth, it may very well be possible to evaluate 
(he average and the lowest temperatures of the air in January 
for many years to come. The processing of seismic observations 
would make it possible to draw up a map of seismic activity, 
indicating the probability or earthquakes of a given range of 
intensity, in any region, for several decades. An analysis of ships’ 
logs makes it possible to outline a pattern of distribution of 
schools of cod in the Barents Sea during the fishing season, etc.

Such assessments are taken into consideration in the design
ing of hydropower stations, residential houses and other 
structures, and in long-term planning of various kinds, such as 
estimating winter fuel reserves for a city in a given part of the 
country.

Statistical calculations can be made even without a theoreti
cal analysis of the process in question, so long as one is sure 
I hat it had the same character in the past (accumulation of 
llie information used), and the future, when the events thus 
calculated are expected to occur.

Statistical calculations are not reliable when we must con
sider changes in the character of the processes under review, 
such as a changing climate. Incidentally, as is well known, the 
climate can change somewhat over a period of 100-200 years.
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Much more reliable are calculations based on the quantitative 
theory of this process, on our knowledge of the functional con
nection of the quantity in question with the initial data, on 
the completeness of the initial data and the known quantities of 
the parameters characterizing these connections. Such are all 
the basic technical and engineering calculations.

The state of the earth sciences today enables us to use such 
calculations in the assessment of future events in but very few 
cases. A good example is the calculation of the ocean tide at 
various points of the coast, or the calculation of the^iighest 
level of spring floods in the lower reaches of a river, knowing 
the amount of rainfall in that river’s catchment area.

In a large number of cases, we can use only the qualitative 
or incomplete quantitative theory of this process, and only a 
fraction of the facts that we need to achieve a high degree of 
accuracy of our calculation.

However, our everyday activities call for the assessment of 
the future state of many elements of the biosphere.

One type of assessment is forecasting. There is a wide variety 
of methods whereby events in the biosphere (weather, condition 
of the ionosphere, ice-drift on a river, storms at sea, a propaga
tion of agricultural pests, etc.) can be forecast.

In most cases, forecasts are based on an analysis (mostly qual
itative) of trends in the process in question. They may include 
some numerical calculations, too. Moreover, extensive use is 
made of comparison of the situation being analyzed with simi
lar situations observed in the past. Such, in essence, are common 
synoptical methods of weather forecasting. Similar methods are 
used for prognosticating events taking place in the ionosphere 
and the magnetosphere, the state of agricultural crops, and 
many other phenomena.

Forecasting, as a rule, provides highly accurate quantitative 
characteristics of a given phenomenon, such as the tempera
ture of the air for the next day, but, unlike calculations—whether 
statistical or those based on functional associations—forecasts 
may prove to be incorrect. Every method of prognostication has 
a margin of probability, but we can never be certain that our 
assessment will prove correct in each individual case.

Deviations from the “normal” condition of the processes tak-
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ing place in the atmosphere and hydrosphere are in most cases 
primary, in relation to various phenomena occurring in the bio
sphere as a whole, and particularly in the biota.

When sharp anomalies occur, the mechanism of this influ
ence is readily traceable. Thus, a deviation of the Kuroshio Cur
rent from its usual course caused large masses of fish to mig
rate to other parts of the ocean. And this led to changes in the 
character of commercial fishing in a vast area of the western 
part of the Pacific.

A similar situation occurs off the coast of Peru, where the 
El Nino Current, for reasons so far unknown, changes its 
course once in several decades which causes not only the migra
tion of masses of fish but also certain meteorological phenome
na that may have an ill effect for the economy of the coastal 
regions of that country.

That even large populations of certain animals and plants 
can die out because of drought, cold winter or excessive snow
fall is well known.

Therefore, the forecasting of geophysical conditions, and, 
more specifically, weather forecasting, is seen to be the leading 
and, in fact, the primary element of a wider problem—the 
forecasting of the condition of all the main elements of the 
biosphere.

With all the imperfections of the weather forecasting service, 
we can “tell the weather” with a much higher degree of 
accuracy than we do other phenomena taking place in the 
biosphere. There is nothing surprising about the fact that 
meteorologists were among thexfirst to adopt qualitative analysis 
which replaced statistics and which helped them develop quan
titative theories, based on the achievements of physics and 
mathematics.

The transition from the essentially descriptive methods of 
weather forecasting to its physico-mathematical analysis is typi
cal of all earth sciences. It has been induced not only by the 
universal logic of development of any sphere of knowledge (as 
is known, all scientific disciplines now have, to a varying degree, 
been put on a mathematical footing), but also by the sharply 
increased requirements for accurate information about the state 
of the natural environment.
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In the building industry, faulty calculations of environmental 
parameters may lead to safety factors that are either insufficient 
or excessive, the latter involving unjustifiably great expenses. 
With the growing scale of construction, such financial losses 
might be very great indeed.

The same applies to the forecasting of future conditions 
of the environment, which are important for planning various 
economic projects.

To develop objective methods of calculating and forecasting 
future environmental conditions—which is the most ^difficult 
problem facing all earth sciences—will become possible only if 
these methods have a solid physico-mathematical basis.

We are steadily moving toward methods of calculating future 
atmospheric processes—toward more precise forecasting. Modern 
methods of weather forecasting for a period ranging from sev
eral hours to three days, make it possible to calculate certain 
important elements of the future situation in the atmosphere, 
such as the field of pressure, the field of wind, and the field 
of vertical air currents. The weatherman’s job is to deduce the 
imminent weather conditions and provide such vital facts as 
the amount and time of precipitation, the character of cloudi
ness. To do so, he uses mainly qualitative methods of forecasting.

There are many unresolved difficulties still holding back our 
efforts to develop reliable methods of calculating and forecasting 
weather and other natural phenomena, but the volume of 
research carried out on this problem in many countries is grow
ing and its results are good.

Weather forecasting is becoming more and more accurate 
(although not as rapidly as we would like to see it), largely 
owing to a recent proliferation of methods. But it has now 
become possible to create methods of long-term meteorological 
forecasting based on reliable calculations.

With the growing need for information about the natural 
environment, new types of prognostications of environmental 
conditions are being developed, and relevant services are being 
set up. For example, the ionosphere monitoring service has been 
operating in many countries for close to thirty years. The Soviet 
Union and the United States have services set up to monitor 
the radiation situation in outer space. Seismologists have gone
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a long way in developing reliable methods of forecasting earth 
tremors.

Forecasting as a method is also used in biology. For example, 
scientists have learned how to prognosticate the condition of 
farm crops and the size of the harvest to be taken in. They can 
also tell in advance the time agricultural pests will appear and 
the routes of fish migrations in the ocean.

All these facts inspire confidence that science will cope with 
the task of developing reliable methods of forecasting various 
phenomena taking place in the natural environment.

A still more formidable task facing scientists is how to develop 
methods of calculating the modification of natural conditions 
which result from unintentional and/or deliberate anthropo
genic action on the environment.

The most alarming unintentional impact of man’s activities 
is environmental pollution, and we shall now discuss the problem 
of calculating the effects of such pollution.

Today we can no longer say that the environment is pollut
ed from just one source and that as the result of the natural 
“self-purification” processes it can easily recover its natural 
purity.

The basins of the big rivers that flow through densely popu
lated industrial areas (i. e., almost all the rivers in the United 
States, Japan, in European countries, including two-thirds of 
all the rivers in the European part of the USSR) have long 
since ceased to be in what we used to call a “natural state”. 
They have been turned into transport arteries, sources of electric 
power, water supply and, at ^he same time, sewage-disposal 
systems.

At present, these rivers account for about 20 percent of the 
fluvial runoff in the world. In the next century, almost all the 
rivers in the world will be used this way. The same can be 
said about the air in and around large industrial centers.

Permissible concentrations of pollutants flushed into rivers or 
discharged into the atmosphere are deduced by evaluating the 
limits of such concentrations considered safe for people, animals 
and plants.

We must not ignore the fact that more and more new 
elements go into the waste material, so that medical experts and
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biologists cannot keep pace and calculate relevant permissible 
concentrations for all of them. Besides, permissible-level calcu
lations are based on the assessment of the direct action of a 
given element on the organism of a human being or an animal, 
while in actual fact people and animals are exposed to many 
elements, which act simultaneously and enter into chemical 
reactions and form new substances. This is precisely the situa
tion that is taking shape in and around large industrial centers 
and indeed in whole countries that have high concentrations of 
industry and population.

The calculation of permissible discharges is rather^prjmitive: 
the discharge must not create concentrations above permissible 
levels in the atmosphere of a given environment. However, it 
is easy to understand that differences in river systems or in atmo
spheric conditions (the speed of the current or the wind, 
the peculiarities of intermixture of water currents or air currents, 
etc.) have a marked effect on the transference and dissemina
tion of all the waste discharged.

Meteorological and hydrological processes transfer, dissemi
nate and, usually, disperse industrial wastes. In contrast, biolog
ical phenomena stimulate their selective accumulation and 
concentration. While passing through food chains, some of the 
elements finally find their way into the human organism in 
concentrations thousands of times higher than the concentration 
of the same substances found on the surface of the land, in the 
water or in the air.

In each of the numerous processes of interaction of a given 
element with the environment, and later with a living or
ganism, one should bear in mind the state of instability and 
the existence of possible chain reactions that might emerge, 
when the input effect loses its earlier (e. g. linear) dependence 
on the concentration of elements and changes sharply, with even 
the slightest rise in this concentration.

Earlier we mentioned actions leading to pollution and the 
assessment of their impact on an individual organism or the 
population. In many cases, however, this impact sets off a 
whole chain of ecological events in the biosphere.

Pollution-induced disease, leading to the reduction or even the 
destruction of the population of some animal or plant species
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will inevitably stimulate the propagation7 of another species 
which, for example, the animal species in question fed on, or, 
for some other reason, the size of the population of the preda
tors that normally subsist on them will also shrink.

Finally, it is important to take into account the need to cal
culate the entire complex of environmental changes—all the 
“reactions” taking place in the regional and even global envi
ronment, all the changes that occur as the result of this intru
sion into the structure of the environment—and to allow for 
all other existing forms of modification and for those that may 
develop in the future.

Will scientists be able to cope with this task? They must and 
they will. At present, the earlier, somewhat primitive assess
ments of the effect that environmental pollution caused by some 
substance has on one or two animal or plant species are giving 
way to analyses of the entire chain of reactions that occur in 
the environment as the result of the emergence of a new 
substance. Such analyses, carried out in very complicated and 
difficult situations, are given in the book The Closing Circle in 
which Barry Commoner describes, among other things, the 
origins and nature of the famous Los Angeles smog and the 
measures being taken to deal with it and similar environmental 
maladies.

The unexpectedness of the adverse effects that the spread of 
certain substances has on the natural environment must not in 
any way be considered due to the complexity of the scientific pro
blems which have emerged but to the fact that these problems 
have for a long time not even been considered by researchers.

We shall now discuss some of the transformations of weather 
and climate which, on the one hand, just like environmental 
pollution, come from unintentional anthropogenic activity, and 
on the other, are the result of people’s deliberate action. We 
shall concentrate on an important specific feature of meteoro
logical processes, a feature which we mentioned earlier in this 
account; the intermittent instability of meteorological processes, 
and the consequent emergence of spontaneous reactions.

In practical terms, it is impossible to stop all undesirable 
meteorological and other natural processes, if only because they 
contain such colossal amounts of energy. In this respect the
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anthropogenic modifications of weather and climate show us 
how those processes should be regulated.

The atmosphere has no permanent channels of control. 
Consequently, we must try to find, in this maze of atmospheric 
processes, those intermittently operating chains of interconnected 
phenomena that we can use as channels of control.

Atmospheric phenomena take shape in the process ot close 
interaction and conflict of opposites. Any air mass retains its 
physical characteristics for a fairly long time. However, once 
it finds itself in certain conditions, it changes its physical prop
erties very sharply. Thus, even a small drop in the percentage 
of water vapor in the air near the saturation point, can produce 
fog or clouds, which sharply change the optical characteristics 
of a part of the atmosphere, thus creating different conditions 
for heat exchange between the atmosphere and the soil, etc.

The atmosphere is also very sensitive to the presence of 
certain admixtures, even in quantities which are infinitesimally 
small compared to the mass of air containing them. For example, 
in addition to the necessary concentration of water vapor in 
the air, the cloud-formation process also requires the presence 
of so-called condensation nuclei, whose physical properties are 
responsible for the speed and character of cloud formation. But 
total mass of condensation nuclei necessary for the formation 
of a cloud system of a thousand cubic kilometers does not 
exceed one kilogram.

Meteorologists’ main efforts at present are directed at stimu
lating or suppressing cloud formation and at inducing rainfall 
where necessary.

The most realistic way to modify a cloud is by stimulating 
crystallization of supercooled droplets of water in it. It' takes 
but a small amount of stimulating agent—dry ice—which 
sharply cools the air and induces crystallization of drops—or 
some iodides, whose action is due to the similarity of their 
crystalline structure with that of ice. For example, it takes a 
mere 100-200 grams of dry ice, or a few grams of iodides, to 
crystallize one cubic kilometer of a supercooled cloud. This 
means that the principle of regulation operates here full force.

Intensified crystallization is used successfully to disperse low- 
lying clouds, prevent hail formation and induce additional
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precipitation. Clouds are seeded with the above-mentioned 
reagents (dry ice, silver iodide, etc.) with the aid of either an 
aeroplane, or special rockets or artillery shells.

The dispersion of supercooled clouds and fog has for several 
years been successfully used in some countries to opening up 
the weather over airports in winter.

With the dispersion of clouds, the energy which was earlier 
reflected from their upper sides into outer space, can now reach 
the earth and warm up the lower regions of the atmosphere, 
inducing certain changes in the natural meteorological processes. 
Experiments involving the dispersion of clouds over a territory 
of several thousand square kilometers, as carried out in the 
Soviet Union, did change the conditions of the lower layer of 
the atmosphere. As a result of these experiments, the additional 
amounts of heat energy which descended into the lower regions 
of the atmosphere over this territory reached 1014 calories. 
This amount is quite compatible with the energy involved in 
the processes occurring in the atmosphere over an area ot up 
to a hundred thousand kilometers. In other words, we can now 
use the second trigger effect which, when used at the required 
time and in the required place, will enable us to generate 
atmospheric processes with a power greater by a factor of 102.

In practical terms, the application of artificial crystallization 
to prevent hailstorms is of special interest. A large team of 
Soviet scientists has been working on this problem, achieving 
notable results, with close to 5 million hectares now under hail
storm control. Significantly, these measures have reduced the 
amount of damage inflicted by> hailstorms about 3-5 times. The 
Soviet method of hailstorm control has been adopted in other 
countries, too (Hungary, Yugoslavia, Bulgaria and Switzerland). 
Meteorologists in the United States have also started work on 
this problem.

Induced precipitation has come under scientific scrutiny all 
over the world. The crystallization of supercooled clouds leads 
lo rain precipitation. However, using this method we can expect 
lo draw only about 50 to 70 percent of the moisture contained 
in the clouds, while the clouds formed in the natural way 
yield about 10 to 20 times as much moisture as they contained 
at the moment of precipitation. This can be explained by the
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fact that for a certain time the clouds act as a kind of moisture 
generator, transforming the vapor in the air into liquid or 
crystalline moisture, which then precipitates upon the earth.

This “generator” draws its energy from the latent heat 
released by condensation or crystallization of moisture. As we 
mentioned before, a cloud can be formed only if a certain 
volume of vapor-laden air is raised to the cooler upper regions 
of the atmosphere. This ascent is made possible by a source of 
energy that is external to the given volume of air, sucji as the 
heat emanating from the warm surface of the earth, the 
upward movement of masses of air, etc. However, after the air 
masses, on reaching a certain altitude, have yielded up their 
vapors either by condensation or crystallization, the amount of 
energy thus released may prove quite sufficient for the further 
ascent of air masses, for the excitation of the upward moving 
currents, for drawing more masses of air into them, which in 
turn increases the energy of the initial process. Thus there 
emerges a self-sustaining reaction, in which clouds can grow 
without any “extraneous” energy sources. That is how powerful 
hailstorm and rainstorm clouds are formed.

Consequently, the problem of obtaining additional consider
able amounts of precipitation boils down to our trying to make 
clouds operate precisely as such generators. At present, the 
ways of solving the problem are being outlined.

So far, clouds have been modified within a very narrow range 
of physical conditions. Nevertheless, experiments in modifying 
purely local features of weather serve as stepping-stones to 
artificially precipitating more violent natural processes, such as 
hurricanes.

American scientists have for some time been holding hurri
cane-moderation experiments, in which they are greatly aided 
by their long and painstaking research on the structure and 
physical characteristics of these formidable phenomena. Several 
of their aircraft, specially fitted for this purpose, have crisscrossed 
the entire hurricane system hundreds of times and at different 
levels. They have studied areas of storm formation that all 
other “normal” airliners give a wide berth to and avoid.

As the result of the hard work of both pilots and scientists, 
we now have valuable information about the nature of hurri-
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canes. In some cases the scientists carried out operations to acti
vate the crystallization of hurricane clouds. According to our 
American colleagues, the hurricane system must be further 
energized, i.e., additional amounts of energy must be injected 
into it (crystallization of drops, as we just said, yields up a 
considerable amount of energy). At the same time this additional 
amount of energy must be distributed more evenly, and in this 
way the most dangerous velocities of the raging wind can be 
reduced. So far, no definitive results of these experiments have 
been obtained, but scientists are quite confident they will 
eventually accomplish this challenging task.

Humanity’s principal task in the future will be not modifying 
the climate but retaining it in its present form, making use of 
possible changes in the heat balance of the planet and redistri
bution of the sources of heat on its surface. Clearly, to succeed 
in both we must learn how to regulate the climate.

In our examination of the unintentional anthropogenic im
pact on the climate, we pointed out the climate’s possible in
stability and, in this connection, its vulnerability to even a 
slight effect that humans might have on it. Consequently, epi
sodes that set off spontaneous reactions are particularly dangerous 
when our influence on the environment is unintentional, but 
at the same time, holds a special place in our search for 
ways and means of consciouslly directed environmental modi
fication.

The combination of hydrometeorological processes in the 
atmosphere and in the ocean can be likened to a heat-propelled 
machine. Since we can expect interruptions in its work due to 
its changing power and the changing distribution of the sources 
of heat and its emission from the engine, we could well expect 
some sort of compensatory action. It would hardly be realistic 
to condition the distribution of the main sources of anthropo
genic heat, large industrial complexes or populated centers, on 
our ability to change the climate. However, if some day we 
have to set up sources of heat, such as thermonuclear power 
stations in the ocean, we shall probably have to consider such 
a possibility.

The heat balance can be changed in several ways in any 
region of the earth. One such way is regulation of cloud forma-
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tion. Considering the fact that the clouds reflect about 70 
percent of solar radiation, human beings can substantially in
crease or decrease the flow of heat entering the atmosphere in a 
given region or, in the same manner, to disperse or form clouds 
in the daytime; or, conversely, to create or disperse the cloud 
screen for the radiation of heat from the earth’s surface at night. 
Above, we mentioned the possibility that such sporadic actions 
can affect the synoptical situation, and consequently, change the 
weather over a large area.

Another way to influence the thermal balance in a compar
atively limited area is by changing the albedo—the reflective 
power of the earth’s surface. This could be regulated by planting 
certain kinds of vegetation. The albedo can also be changed by 
irrigating or draining the earth’s surface. Great changes in the 
reflective power of the earth are wrought by the first snowfall 
or by the melting away of the snow cover.

The alteration of the global heat balance caused by blocking 
solar radiation can be achieved by injecting considerable 
amounts of aerosols into the upper layers of the atmosphere.

According to Soviet and American scientists, an annual 
amount of one million tons of a suitable substance (e.g., sulfur, 
which would form microscopic droplets of sulfuric acid) in the 
atmosphere could markedly modify the earth’s climate.

Difficult though it may be this operation is, nevertheless, 
quite feasible, provided many countries joined in it.

Interference in the dynamics of the atmosphere or the ocean 
would provide another means of modifying the climate. Moun
tain ranges, too, have a considerable effect on the climate not 
only of the adjoining areas, but also of outlying regions. We be
lieve that specially designed structures, though not as formidable 
as the mountains themselves, could perform this role very well.

As we noted before, deviations of ocean currents from their 
normal course induce substantial changes in the weather. Con
trol of such currents could be achieved by building the necessary 
hydro technical projects, thousands and thousands of times as 
big as those which we now build on rivers. In principle, there 
are no major obstacles that would make the construction of such 
high dams impossible.

It is well to recall the famous projects that were drawn up
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back in the 1950s, to make the arctic climate warmer. The 
authors of these projects suggested that a dam be built across 
the Bering Strait, which links the Arctic and the Pacific Oceans, 
and that the warmer waters of the Pacific be pumped over 
it into the Arctic.

However, they failed to provide well-grounded calculations 
to back up their claim that the climate in the Arctic would 
change in precisely the desired manner. But from a purely 
technological point of view, the building of such a high dam 
and pumping stations is well within our present capabilities.

Considerable long-term changes in the heat balance, just like 
those produced by the dynamics of the atmosphere or the ocean 
in certain parts of the world, would no doubt modify the circu
lation of the earth’s atmosphere, although it is still impossible 
to calculate the required strength and scope of these changes and 
the places where they should occur.

Taking into account what was earlier said about the instabil
ity of the climate, we can assume that short-term or even one
time changes in the atmosphere, or on the surface in certain 
regions of our planet, may cause irreversible changes in atmo
spheric circulation, putting it into a different position vis-a-vis 
the balance of heat and thus modify the climate.

Some scientists believe that by destroying or even by consid
erably reducing the ice cover in the Arctic Ocean we would 
upset atmospheric circulation so much that our action would 
make it impossible for the ice cover to continue to exist in the 
future. The ocean would become relatively warm as it was in 
the early stages of our planet’s history.

It is very difficult to create a mathematical model of the 
existing climate and no less so to develop ways of calculating its 
different transformations under the impact of our deliberate or 
unintentional activities. It is clear, though, that this problem is 
becoming more and more pressing. Hence the fact that more 
and more scientists in many countries are joining efforts to solve 
it. Creating a model of the present climate and finding ways to 
calculate its possible changes are the aim of a number of major 
international research projects, such as the Global Research 
Program. This important problem will, no doubt, be solved.

It is not yet quite clear which of the known methods of stabil-
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izing and transforming the climate are the most expedient, and 
when they may be used to advantage. One can say for certain 
that, whatever they may be, their implementation will call for 
the concerted efforts of many countries in different regions of 
the globe.

We have spoken at length about possible chajnges in the 
climate, because scientists have sufficient information at their 
command to predict their inevitable occurrence.

At the same time, these changes should be regarded as result
ing from many different forms of the impact of human activity 
on the processes taking place in inorganic nature.

We believe that in the future we shall encounter another, 
possibly no less complicated problem: calculating the modification 
of ecological systems. The steadily growing impact of anthropo
genic activity on the environment calls for the consciouslly 
directed restructuring of the existing ecological system, first 
locally, then over a larger area and, finally, on a global scale. 
It is only by way of such a deliberate, precalculated change that 
we can, with a fair degree of certainty, avoid adverse effects on 
the natural environment in the future.

Many scientists believe such restructuring of the ecological 
systems totally undesirable and even dangerous.

“Nature knows better,” said Barry Commoner as he formu
lated the third of his four laws of the ecosphere. His first law 
holds that everything is connected with everything else, his 
second law that everything must go somewhere, and his fourth 
law that you don’t get something for nothing. Commoner’s laws 
sound convincing, since they stem from a gtneral assumption of 
universal interdependence and conservation of matter. As for 
the third law, we believe it tenable only insofar as it applies to 
the past. In our view, it has lost its validity for the present time 
and cannot be applied for future relationships that will develop 
between society and nature.

With our knowledge of ecological processes becoming deeper, 
we shall be able to know as much as nature does about itself, 
and even more in the future.

It is true that some substances and articles made of them, 
such as synthetic fiber, do not enter into chemical reactions 
with elements found in the natural environment, do not disinteg-
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i ate and therefore do not take any part in the natural geo- 
< hcmical cycles. This means that by accumulating in the envi
ronment, they create a kind of “ecological deadlocks”. Is there 
.my way of avoiding them?

It is very important that, when creating a new substance, 
scientists anticipate the way in which articles made of this sub
stance will be disposed of after the end of their useful life.

They must be reincluded in natural geochemical cycles, and 
he recycled, say, in the form of fertilizers, or as new articles, or 
.is building materials.

And if such requirements were taken into consideration at an 
<\irly stage of the development of new substances, chemists 
would undoubtedly find ways of meeting these requirements.

To avoid environmental pollution, Commoner thinks it neces- 
s . i r y  to go back to the utilization of natural materials.

However, it is precisely the extensive practice of one-crop
I.uming in the former colonies (now developing countries) that 
<a used the depletion and erosion of the soil and led to other 
negative environmental effects.

We must also bear in mind that not only qualitative changes, 
hut also the considerable quantitative changes in elements of 
i he natural environment, or their redistribution on the earth’s 
surface, that upset the balance of nature.

The only practical way out is to evolve principles and methods 
<>i restructuring the existing ecological chains, to create new 
rinsed systems of circulation of substances, to create combined 
natural and artificial chains in the ecological systems.

Work has begun on the solution of this problem, stupendous 
.is it is. Human-made or combined ecological systems are neces
sary not only for our earthbound existence but also for our 
present and future flights through outer space. As a matter of 
I act, a space ship is a simplified version of an independent eco
logical system detached from the earth. For on board the space 
ship are nonrenewable resources and sun-induced circulation of 
imewable resources.

The Soviet ecologist G. F. Hilmi was quite right in saying that

the surface of the earth, its atmosphere, hydrosphere and 
biosphere will in the near future be saturated with technol-

■* 'j:K)0
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ogy and will be studded with large-scale construction proj
ects, so that all these components of our planet will on ne
cessity become an object of man’s activities and will de
velop according to their own, so far unknown, laws. To 
predict these laws even in broad outline is a new, very im
portant object of the earth-and-nature sciences. (19)

The earth sciences have broad vistas open to them for fully- 
integrated modeling and, in future, transforming the natural envi
ronment, to make it, in the words of Karl Marx, worthy of the 
people of communist society.

Over the centuries mankind has always solved all problems 
facing it. The present trends of development of science in gen
eral, and the earth science in particular, furnish enough proof 
that in future, too, all ecological problems will be tackled. We 
will have sufficient scientific and technological capabilities to 
“design” and create the environment necessary for our develop
ment, to make the earth as “big” as we need it to be. This con
viction backs up the optimistic concept that human society will 
have truly unlimited possibilities for progress.

However, these possibilities cannot be fully realized until hu
man beings have created the kind of society that will be free from 
the vices and inner conflicts of today.

THE SHAPING OF SOCIETY

Studying the problem of interaction between man and na
ture, one inevitably moves on to more general questions, as to 
whether people will survive at all; and if they do, what life will 
be like in the future, how humanity will grow and develop. Many 
works have appeared already, and the range of problems covered 
is growing all the time. Along with the depletion of natural re
sources and the negative effects of human impact on the natural 
environment, of growing concern are such problems as conditions 
in the developing countries, the widening gap between these 
countries and the advanced states—in living standards, economic 
levels, technology and culture—as well as measures to close this 
gap-
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J. Forrester studied only two aspects of the development of 
humankind, those he considers the most important: the depletion 
of natural resources and the growing pressure on the environment 
which neither nature, nor humans will long be able to endure.

D. Meadows and his co-authors also take up these problems as 
the most important of all.

If the present growth trends in world population, in
dustrialization, pollution, food production, and resource 
depletion continue unchanged, the limits to growth on 
this planet will be reached sometime within the next one 
hundred years. The most probable result will be a rather 
sudden and uncontrollable decline in both population and 
industrial capacity. (41, p. 23)

Later, however, they express their anxiety about the growing 
gap between the rich and poor countries.

One of the most commonly accepted myths in our pres
ent society is the promise that a continuation of our pres
ent patterns of growth will lead to human equality. We 
have demonstrated in various parts of this book that pres
ent patterns of population sand capital growth are actu
ally increasing the gap between the rich and the poor on 
a worldwide basis, and that the ultimate result of a con
tinued attempt to grow according to the present pattern 
will be a disastrous collapse. (41, pp. 178-179)

Dr. B. Commoner takes a similar stand on this problem:

Everywhere in the world there is evidence of a deep- 
seated failure in the effort to use the competence, the 
wealth, the power at human disposal for the maximum 
good of human beings. (26, p. 294)

The authors of The Limits to Growth, just like Forrester, con
sider that a halt to progress, the transition to so-called “global 
equilibrium” may help humankind avoid the catastrophe it is 
heading for. They are convinced that mankind can achieve such 
an equilibrium.

Man possesses, for a small moment in his history, the 
most powerful combination of knowledge, tools, and re-

9*
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sources the world has ever known. He has all that is phys
ically necessary to create a totally new form of human 
society—one that would be built to last for generations. 
The two missing ingredients are a realistic, long-term 
goal that can guide mankind to the equilibrium society 
and the human will to achieve that goal. Without such a 
goal and a commitment to it, short-term concerns will 
generate the exponential growth that drives the world 
system toward the limits of the earth and ultimate col
lapse. With that goal and that commitment, mankind would 
be ready now to begin a controlled, orderly transition 
from growth to global equilibrium. (41, pp. 183-184)

Global equilibrium, they say, means no change in the size of 
population (i.e., equal number of births and deaths), constant 
volume of industrial production, reduction to a minimum of all 
the incoming and outgoing elements of the social balance, such 
as the rates of birth and death, the investment of capital, and 
the withdrawal of used-up equipment and old structures from 
service.

They suggest that a special regulatory mechanism be developed 
in order to prevent human society from upsetting this balance. 
At the same time, they say, social balance does not at all mean 
that society will never change. Any activity which requires no 
major expenditure of nonrenewable resources and which does 
not put too much pressure on the natural environment—educa
tion, the arts, religion, sport, basic science, etc.—can develop 
freely.

Since the volume of material production is limited, any im
provement in the methods of production will give members of 
society more free time, which they can utilize for pursuing the 
above mentioned activities and for improving the “quality” of 
their life.

Such is the idyllic picture of the future which was drawn not 
by a utopian dreamer but by people who claim that all their facts 
and calculations are based on the implacable logic of the elec
tronic computer.

The Meadows team was probably the last to insist that the 
development of humankind should be halted, that the size of
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population should be stabilized, that further industrialization 
should be discontinued (which would first of all badly hit the de
veloping countries, since it would perpetuate the present low lev
el of their development), that both production and consump
tion should be reduced.

In one of the reports to the Club of Rome (Mankind at the 
Turning Point) Mihajloo Mesarovic and Eduard Pestel thought 
it necessary that society should “limit its development”, which 
they considered should be balanced out and coordinated on a 
world scale.

This is what they wrote:

1. The world can be viewed only in reference to the 
prevailing differences in culture, tradition, and economic 
development, i.e., as a system of interacting regions  ̂ a 
homogeneous view of such a system is misleading.

2. Rather than collapse of the world system as such, 
catastrophes or collapses on a regional level could occur, 
possibly long before the middje of the next century, 
although in different regions for different reasons, and at 
different times. Since the world is a system, such catas
trophes will be felt profoundly throughout the entire world.

3. The solution to such catastrophes of the world system 
is possible only in the global context and by appropriate 
global actions. If the framework for such joint action is 
not developed, none of the regions would be able to avoid 
the consequences. For each region, its turn would come 
in due time.

4. Such a global solution could be implemented only 
through a balanced, differentiated growth which is analo
gous to organic growth rather than undifferentiated 
growth. It is irrefutable that the second type of growth is 
cancerous and would ultimately be fatal.

5. The delays in devising such global strategies are not 
only detrimental or costly, but deadly. It {s in this sense 
that we truly need a strategy for survival. (425 p. 55)

Mesarovic and Pestel stress the need to close the gap between 
the standards of living of different social groups and in different 
regions of the world.



134 E. FEDOROV

Historically, evolution of any human society has been 
marked by the growth and decline of various gaps between 
different social groups. If a society is to preserve its integ
rity, widening of such gaps simply cannot persist; sooner 
or later the gaps will either be sufficiently narrowed or 
the fabric of the society will yield to centrifugal forces. 
Analogously, mankind cannot enter even the first stage of 
organic global growth if the economic gap between va
rious world regions increases continuously; it is the ques
tion of survival of the world as such. (42, p. 57)

Alarmed by this state of affairs the authors offered to calcu
late the changing gaps between different social groups in the 
future.

The results of the first scenario computer analysis (which 
corresponds to the historically established type of develop
ment—E.F.) are rather disquieting. Not only does the 
economic gap between rich and poor regions not narrow, 
but it increases considerably in terms of ratios and appall
ingly in absolute terms. The gap between the average per 
capita incomes in the Western industrialised countries 
grouped according to our classification in the Developed 
World Region . . . and in Latin America (Region 6) will 
increase from 5 to 1 to almost 8 to 1 or, in absolute terms, 
from about $2,000 to more than $10,000 per capita. The 
situation in South Asia would be even worse. The per cap
ita income gap between the Developed World and South 
Asia (Region 9) and similarly Tropical Africa (Region 8) 
would increase in absolute terms from nearly $2,500 to 
$13,000 while in relative terms the per capita income ra
tio will remain above 20 to 1. If one relies on the prevail
ing economic patterns, trying to close this gap might as 
well be forgotten. The present trends and attitudes are 
apparently loaded heavily against narrowing. (My italics— 
E.F.) The crises inherent in the economic gap are clearly 
not only persistent but even worsening. (42, p. 58)

Many other works treat the problem in much the same way, 
among them is The Closed Circle and a number of articles by
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( lommoner, and Human Requirements, Supply Levels and Outer 
Hounds by J. and M. McHale. In the introduction to the latter 
work, H. Cleveland writes:

The growing debate about the content of a “new inter
national economic order” still mostly consists of every
body talking at once, about his own problems, without 
relating them to the related problems of others. The facts 
of interdependence are bypassed in rhetoric about nation
states being “master in their own houses”. Charges that 
the affluent consume too much provoke the countercharge 
that the poor have too many babies.

But two themes are emerging which lend a special ur
gency to getting beyond debate to practical political ac
commodation. One is a hope—that the world community 
must somehow provide at least the minimum needs for 
every human being; “how much is  ̂enough” will be a 
prime subject for international negotiation. The other is 
fear—that under present assumptions and arrangements, 
world requirements for resources (including those to meet 
the “minimum needs” ) will transgress the “outer limits” 
of the natural environment to the detriment of future gen
erations. (40, p. IV)

In “What Now?”, a report on “another course of develop
ment”, drafted by the Dag Hammarskjold Foundation (50), the 
problem of bringing the economic and technical levels in the 
advanced and developing countries closer together is treated as 
most important and most urgent, although the authors of the 
report also speak about the difficulties arising in connection 
with the limited character of natural resources and the limited 
capacity of the environment.

Similar questions are raised in the State of the Planet State
ment (draft) by Alexander King, Chairman of the Board of 
Trustees of the International Federation of Institutes of Ad
vanced Study. This is what he writes:

No, it is not growth as such, which is responsible for the 
present perils of society, nor is it technology which still re
mains the most powerful agent of mankind in its fight for
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universal provision of its basic needs. Rather it is man’s 
lack of wisdom in directing and managing growth and 
technology. The need is not to abolish growth—it is greatly 
needed in many parts of the world, but to check its ex
cesses, to gear it to the quality of life and real global human 
needs and to bring it into equilibrium with possibilities and 
constraints. (37, p. 11)

All these problems are given detailed treatment in the paper 
“Reshaping the International Order”, written by a group of 
scholars under Prof. J. Tinbergen at the request of the Club of 
Rome, and in a large number of articles.

Why is it that so many scholars and prominent public figures 
in advanced prosperous countries are concerned about the widen
ing gap in living standards between the developed and the de
veloping countries?

There are good reasons for this. Moved by humanitarian con
siderations, some authors cannot accept with equanimity the fact 
that hundreds of millions of human beings go hungry, live in igno
rance, and are deprived of the most elementary benefits in a 
world which has enough resources to ensure a decent standard 
of living for all people, without exception.

And the others—who are, it seems, in the majority—feel 
alarmed in view of the impending danger to themselves as the 
result of serious crises that they fear might erupt in the near 
future. Mesarovic and Pestel write:

A more equitable long-term allocation of world resources 
would require that the industrialized regions put a stop 
to further overdevelopment by accepting limits on per cap
ita use of finite resources. If development aid is to lend 
a truly helping hand to the hungry billions who must find 
a way out of their poverty, more than investment capital is 
needed. Unless this lesson is learned in time, there will be 
a thousand desperadoes terrorizing those who are now rich, 
and eventually nuclear blackmail and terror will paralyze 
further orderly development. (My italics—E.F.) Now is 
the time to draw up a master plan for organic sustainable 
growth and world development based on global allocation 
of all finite resources and a new global economic system.
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Ten or twenty years from today it will probably be too late, 
and then even a hundred Kissingers, constantly crisscros
sing the globe on peace missions, could not prevent the 
world from falling into the abyss of a nuclear holocaust. 
(42, p. 69)

The authors of “What Now?” take an interesting view of the 
events which led to a radical reassessment of the present situa
tion in the world. The first such event, they say, is

the decision of OPEC to multiply the price of oil, if seen 
in the proper perspective. Its importance lies—more than 
in the price increases—in its character as a historic rever
sal.

In October 1973, the oil-exporting countries put an end 
to an era which had begun with what the West calls the 
‘great discoveries’. For the first time since Vasco da Gama, 
mastery over a fundamental decision in a crucial area of 
the economic policy of the center countries escaped their 
grasp as certain peripheral countries wrested it from 
them.

The second such development was

the outcome of the events in Indochina, where the peas
ants, spurred on by their will for independence, organised 
and freed themselves from the most formidable military 
and technological power that the world has ever known. 
(50, pp. 5-6)

Of course, we can hardly agree either with the authors’ at
tempt to lump together the victory of the peoples of Indochina 
.md OPEC’s decision to raise the price of oil, or with their as
se r t io n  that these events served as a turning point in the rela
tions between the advanced countries and the developing coun
tries which had been dependent on them either as colonies 
or, later, as economic appendages. Other, still earlier, events 
triggered this turn. But we shall return to this question 
Liter.

Further on in “What Now?” the authors speak about what in
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their opinion caused this uneven economic development. They 
blame it on the present-day situation in our modern world:

The existing “order” is coming apart, and rightly so, 
since it has failed to meet the needs of the vast majority of 
peoples and reserved its benefits for a privileged minority. 
The task is to create another one. (50, p. 6)

Commoner realizes that the impending environmental crisis is 
basically of socio-economic origin and is clearly tied up with 
other important economic and political problems of our time. He 
repeats again and again that private enterprise is unable to meet 
ecological needs, and writes:

In effect, then, we now know that modern technology 
which is privately owned cannot long survive if it destroys 
the social good on which it depends—the ecosphere. Hence 
an economic system which is fundamentally based on pri
vate transactions rather than social ones is no longer ap
propriate and increasingly ineffective in managing this vital 
social good. The system is therefore in need of change. (26, 
p. 287)

Another article which attracted our attention is one written 
by physicist Edward Teller under the title “The Energy Dis
ease”. In it he looks att he causes of the present energy crisis as 
largely of socio-economic nature, and concludes his analysis of 
the situation with words bordering on the absurd:

It is entirely possible that our system and our policies are 
inherently impractical.

The predictions of the Communists may yet turn to be 
right. The free world may succumb to its own contradic
tions. In the event that we do not succumb, I am sure that 
the Communists are willing to do what they can to assist 
the process of collapse. They have encouraged OPEC (to 
raise the price of oil—F.F.),'and they have every reason 
to do so. Not only are they apt to gain in their fight against 
capitalism, but they also are apt to profit by their oil ex
ports (acting in this particular instance as monopolistic 
capitalists).
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In the free-enterprise system, money means power, which 
is limited only by conventional rules. At the moment these 
conventional rules are producing changes which may ruin 
a number of advanced democracies. Millions may starve to 
death in the less developed countries. The free economic 
system may be challenged in a more terrible way than it 
was in the Great Depression. Then the Communists may 
get their first chance to take over the world: compared to 
the alternative of chaos, the cruel simplicity of Commu
nism may gain almost universal appeal. (49, p. 17)

Edward Teller goes on to make a number of suggestions 
about drastic measures which must be taken in order to prevent 
what he considers such a terrible thing happening. Later in this 
ac count we shall discuss these measures in detail.

We have cited these excerpts from books and articles sam
ples of different views held by Western scientists. In all of these 
and many other works they assert that the serious global prob
lems facing mankind today are interconnected in one way or 
another, and therefore must be resolved jointly by taking vig- 
• nous worldwide action.

The deeper they go into the problem the more these authors 
connect natural factors, technical progress, the depletion of na
tural resources, industrial impact on the environment, and ques
tions of economic development with the economic, political and 
social conditions in the world.

In most of the Western studies and, as the reader can see, in 
all the sources quoted in this book, their authors, being non- 
Marxists, agree that today the free enterprise system (or the 
system of market relations, as many of them are inclined to call 
11ic capitalist system) is unable to cope with these problems.

Probably the clearest statement of all on this matter came 
from Dr. Aurelio Peccei, an Italian industrialist who is on the 
board of directors of several Italian firms, and who is even 
better known as the founder of the Club of Rome and its Pres
ident. In one of his reports to the Club he said:

I do not think that the present neocapitalist structure 
and philosophy are capable of responding to the needs of 
our time. And, although I am not in a position to express
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a final judgement, I do not think that the structures as 
now exist in the socialist countries have that capacity 
either. (45, p. 52)

All the works quoted above say, in one form or another, that 
the optimal patterns of interaction with nature and high rates of 
development in the underdeveloped countries call for drastic 
changes in the social structure of society. It is worthy of note that 
the authors of these books express the view, though sometimes 
cloaked in verbal camouflage, that the development of human 
society is determined by certain objective laws governing this de
velopment.

For example, J. Forrester recommends rejecting the various 
intuitive ideas of the behavior of social systems and looking for 
objective laws of social development. Referring to the need to 
understand these laws he said: “Unless we understand and act 
soon, we may be overwhelmed by a social and economic system 
we have created but cannot control.” (30, p. 8)

In the long preface to the paper, Reshaping the International 
Order written by a team of researchers under Prof. Tinbergen, 
they set forth their views on the laws governing social develop
ment. (51) However, neither Forrester nor the members of the 
Tinbergen team, nor any other authors of the books we have dis
cussed seem to be serious about this problem.

In other words, when describing the process of social develop
ment and trying to find its tendencies, they somehow ignore the 
causes and mechanisms behind this process.

Aware that society develops in accordance with objective laws, 
although they themselves do not study these laws, the. authors 
think it neither necessary to use them nor to criticize them. In 
fact they do not even mention the theory of social development 
which has been in existence for more than a hundred years, and 
which is being developed all the time and, what is most impor
tant, has been borne out by history itself. We refer, of course, to 
the theory of historical materialism originated by Marx and 
Engels and developed in the works of Lenin and in the works of 
outstanding theoreticians from many communist and workers’ 
parties. Of course, we are far from expecting that all scholars 
will agree with this theory, and are therefore prepared to debate
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ill aspects of this theory with its opponents. But to ignore the 
e xistence of a sufficiently well-known theory is, in our opinion, 
.1 rather quaint method of research on problems that obviously 
have a direct bearing on it.

Taking no account of the theory of historical materialism the 
above-mentioned authors, except for Commoner, shut their eyes 
lo the practical achievements realized by the application of this 
theory. They are singularly uninterested in the activities of the 
socialist countries. In fact, they are not even curious to know 
what is being done there to create a balanced relationship be
tween humans and nature. Nor do they see the difference in the 
character or in trends of development in countries with different 
social systems.

In their effort to give a general picture of the behavior of some 
sort of generalized global civilization, Forrester, Meadows and 
others apparently consider it redundant to particularize the dis
tinctions between countries with different social systems. This 
would be acceptable if the laws governing social development and 
the progress of these social systems, at least where interaction with 
nature is concerned, were identical. This, however, is not so.

Mesarovic and Pestel take into consideration the variations in 
the initial stages of development in different countries, which 
they have grouped according to their degree of “affluence” (per 
capita national income, economic and technical progress). In 
this classification, the socialist countries of Europe comprise one 
such group.

The authors go on to discuss a number of situations which, 
according to them, might arise in all these groups of countries, 
given different rates of development (growth of the population, 
production and consumption). But here again they do not take 
into account the difference in the nature of the laws governing 
their development and rooted in the social systems of these coun
tries. Having analyzed several “scenarios” of social and economic 
progress, they conclude that the leveling out of the development 
of what are at present backward countries and the industrially 
advanced nations by, say, reducing the rate of production and 
consumption growth in the latter, would in the long run prove 
the best way out for both groups.
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The same pattern is followed in all the other works we have 
mentioned on prospects for the development of humanity.

All of them criticize the modern (universalized) attitude to the 
utilization of natural resources and to the environment, furnish 
facts of the dramatic differences between the economic, techni
cal, living and cultural standards in the advanced (“rich”, “in
dustrialized”, and “post-industrialized”) countries and those in 
the developing (“poor”, “backward”, etc.) countries. They also 
attempt to prove that in the present conditions the gap between 
these two main groups of countries may widen still further. And 
in addition to all that, the reader will be told about the great 
misfortunes for all humanity that this growing gap and disregard 
for ecological principles may eventually lead, and about what, in 
the opinion of the authors, must be done to even out differences 
in the living standards, including measures to fundamentally 
change, in some cases, the existing economic and social condi
tions.

We find it rather odd, however, that the authors, who, although 
they reckon with the fact that social and economic conditions 
also change in line with the objective laws of social development, 
at the same time ignore this important circumstance in their eval
uation of the prospects for the future development of humanity.

Each of the above-mentioned works opens with the thesis that, 
unless the present tendencies and character of the progress of 
mankind are changed, the situation will be fraught with much 
trouble for the world, including a serious ecological crisis.

What shapes the character and the tendencies of growth and 
development of human society? And what do the authors assume 
will remain unchanged? Although the books in question do not 
contain a clear-cut definition of this immutable factor, we can 
well infer from the context that in the opinion of the authors 
this factor is the immutability of the existing social structure of 
society. To be more exact, this means that they assume the capi
talist system as it exists in many countries today should continue 
in its present form, just as should the socialist system in the coun
tries of the socialist community, and the various transitional forms 
of social organization in the developing countries.

The growth of population, production and consumption under 
these conditions will also widen the gap between the advanced
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and the developing countries and will precipitate an ecological 
catastrophe, they say.

In the light of the above, the question suggests itself: is the 
development of productive forces, including the growth of produc
tion and consumption, the growth of population and the develop
ment of technical progress, etc., possible for as long as several dec
ades without changing the social structure? Historical material
ism gives a negative answer to this question. And so does the 
entire'history of humankind. Although in some individual coun
tries the same social structure is known to have continued for a 
fairly long time, on the whole, social systems in the world are 
changing continuously at an accelerating pace.

To be able to understand the development of mankind in its 
perspective, we must choose a concept that would explain the 
entire process of social development.

For me, as well as for other Marxist researchers, this concept 
is the theory of historical materialism the correctness of which 
has been confirmed by the entire history of the past and present. 
The main factor in the development of society is the growth of 
productive forces (including labor resources, the rneans of pro
duction and the general level of scientific and technological prog
ress). The growth of productive forces is responsible for the de
velopment of social systems. And the formation of a socio-eco
nomic system takes place within important social processes: the 
class struggle and the national liberation movement in capitalist 
society, the balanced planned development of the socialist 
system, and the competition between the two main social 
systems.

Therefore, it is impossible to evaluate perspectives of the devel
opment of society as a whole without due account being taken of 
all the other above phenomena. We would like here to emphasize 
again that interaction with the environment is a very important 
factor and phenomenon of progress, albeit not the only or main 
one. Concentrating as we do on the interaction of society with 
the natural environment, we try to assess the role of precisely 
this factor, and its possible influence on the development of hu
mankind.

Now, what are the phenomena which have led to the present 
alarming situation in the interaction between matt and nature,
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and to the dangerous gap in the living standards and economic 
development of different countries? Above, we discussed different 
views on this matter.

Forrester and Meadows consider that all social systems have 
one immanent quality: an urge to grow. Others say that this situa
tion has been brought about by certain factors which disorganize 
social development, without so much as trying to establish the 
role of each one of these factors separately. Still others are of the 
opinion that this situation is the product of the very nature of 
humans and human society. And the last group of scholars blame 
the whole thing on the social system of capitalism.

It seems that all these views can well be summed up in this 
way: the main danger facing humanity and jeopardizing its de
velopment is the lack a mechanism to regulate the various activ
ities of human society and its relationship with the natural en
vironment. This leads to irrational utilization of the natural re
sources, to undesirable environmental changes, to widening the 
gap in living standards in different countries and to many other 
adversities.

We have become used to hearing about the unprecedented 
might of the human race today as the result of scientific and 
technological progress and the growth of productive forces. The 
forms of interaction with nature reviewed earlier in this account 
constitute only a few of many characteristics of humanity’s might 
and ability to act, comparable in scope and impact to global na
tural processes and sometimes even more powerful.

Can we say when the immutable character of the development 
of mankind will lead to catastrophe? Hardly anyone will make 
bold to predict the time when all the constituent elements of the 
man-nature systems will come to a critical pass. However, we are 
much better equipped to discuss problems related to the ecolog
ical crisis.

As we pointed out before, people may come very near to using 
up the renewable natural resources (water, forest, soil and fish) 
in about 50 to 70 years. About this time the emission of indus
trial heat is expected to have a marked effect on the climate, 
which would be quite enough to create serious difficulties unless 
people learn how to control their activities.

Of course, this is a rather tentative estimate that we made
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earlier on the basis of the same very simple considerations. Sig
nificantly, this estimate tallies with the time estimate of the exten
sive crisis which is described in one form or another in the books 
under review.

For our part, we can add that such a crisis may begin much 
earlier, in case of a serious military conflict, or may come later, if 
the climate actually begins to change. Thus, there is a very real 
danger that human society may transgress the admissible limits 
of its interaction with the environment in the not too distant 
future.

Neither Forrester nor the Meadows group are the first to have 
called attention to this circumstance. In their works written more 
than a hundred years ago, Marx and Engels for the first time 
formulated the thesis about the interconnection of social and na
tural factors in man’s interaction with the environment, and 
raised the question of working out its optimal forms.

In a letter to Engels, March 25, 1868, Marx made this remark 
about the book of the Dutch agronomist Fraas:

Klima und Pflanzenwelt in der Zeit, eine Geschichte 
beide (Climate and the Vegetable World Throughout the 
Ages, a History of Both), by Fraas (1847), is very interest
ing, that is as a demonstration that climate and flora have 
changed in historic times. He is a Darwinist before Darwin 
and makes even the species arise in historic times. But he 
is also an agronomist. He asserts that as a result of cultiva
tion and in proportion to its degree, the ‘moisture’ so much 
beloved by the peasant is lost (hence plants migrate from 
south to north) and eventually the formation of steppes 
begins. The first effects of cultivation are useful, but in the 
end it lays the land waste owning to deforestation, etc. This 
man is both a very learned philologist (he has written 
books in Greek), and a chemist, agronomist, etc. The con
clusion is that cultivation when it progresses spontaneously 
and is not consciously controlled (as a bourgeois he of 
course does not arrive at this), leaves deserts behind it— 
Persia, Mesopotamia, etc., Greece. (My italics—E.F.) Hence 
again socialist tendencies without being aware of 
them!.. .(2)

10—2300
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This quote can well apply to many present-day Western re
searchers of the problem of interaction between society and the 
natural environment. Just like Fraas they feel that the sponta
neously developing culture leads to a crisis in the relationships 
between society and nature, and their calculations provide a fairly 
good illustration of just how this may happen. And, just like 
Fraas, they display (possibly unconsciously) certain “socialist ten
dencies”.

They consider that the purely intuitive notions about the de
velopment of social systems should be discarded and that objec
tive laws governing the behavior of these systems should, instead, 
be found. They think it necessary to revise the social values of 
the consumer society, to balance social processes, to use scientific 
and technological progress for the development of optimal forms 
of man’s interaction with nature.

But Marx and Engels specifically pointed out that the prog
ress of science and technology leads to a stage in the relationship 
between man and nature where society becomes quite able to 
draw practically the whole of the environment into the sphere of 
material production and in this way is able to exercise its influence 
on it. They pointed out that under capitalism this would result 
in a spontaneous, uncontrollable and therefore dangerous interfer
ence with nature, and that only with the establishment of com
mon ownership of the means of production and of natural re
sources would society be able to create the most favorable condi
tions for a conscious and effective interaction between man and 
nature.

Marx wrote, in the third volume of Das Kapital:

Freedom in this field can only consist in socialized man, 
the associated producers, rationally regulating their inter
change with Nature, bringing it under their common con
trol, instead of being ruled by it as by the blind forces of 
Nature; and achieving this with the least expenditure of 
energy and under conditions most favorable to, and worthy 
of, their human nature. (3)

Thus the authors of the materialist theory of social develop
ment regarded interaction (metabolism) between people and na
ture as a vital element of human life and activity and showed
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that the socialist organization of society would have every possi
bility to ensure optimal forms of such interaction.

Curiously enough, Meadows and others, in describing the more 
attractive features of “global equilibrium”, said:

The state of global equilibrium could be designed so that 
the basic material needs of each person on earth are satis
fied and each person has an equal opportunity to realize his 
individual human potential. (41, p. 24)

They have forgotten altogether that Marx used much the same 
words in his brief characterization of a communist society of the 
future:

In a higher phase of communist society, after the enslav
ing subordination of the individual to the division of labor, 
and therewith also the antithesis between mental and phys
ical labor, has vanished; after labor has become not only 
a means of life but life’s prime want; after the productive 
forces have also increased with the all-round development 
of the individual, and all the springs of cooperative wealth 
flow more abundantly—only then can the narrow horizon 
of bourgeois right be crossed in its entirety and society in
scribe on its banners: ‘From each according to his ability, to 
each according to his needs’. (4)

There is much more in the works of Marx and Engels than 
we have quoted here about interaction between man and na
ture.

And if the present order of things in the world cannot assure 
even a moderately comfortable existence for men on this earth 
and is to be replaced by another, then the question is how this 
replacement should be effected. Suggestions of this sort abound 
in the works we commented on and in many others recently put 
out in the West.

We shall concentrate on some aspects of these suggestions 
that, in our opinion, merit consideration.

We would like to begin with the idea advanced by Edward 
Teller who, as the reader may notice, stands out among many 
other authors.

Toward the end of his work on the present-day energy crisis,
10*
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Edward Teller calls upon the United States to pool all its avail
able resources in order to meet its domestic energy needs, so as 
eventually to be able to start exporting fuel to other countries.

Further, he speaks about the need to set up a new order in 
the world.

In trying to make a diagnosis of our serious condition 
I have said that the stability of the free economies in post
war years resulted from the benevolent leadership of one 
country, the United States. By 1985 the first great step 
toward curing the present energy disease may be com
pleted, and the United States may have regained a similar 
measure of pre-eminence. But we cannot rest at that point.

We have yielded our dominant position in the world 
once; if we regain it, we will have to yield it a second 
time. But this time we cannot risk chaos. We must estab
lish some form of world order. The growth of technology 
has made a small neighborhood of our globe, and without 
some order there will be no peace in this neighborhood; 
the way of life as we like to imagine it will not survive. 
(My italics—E.F.) (49, p. 22)

As one may judge from this excerpt, and from the one quoted 
earlier, the author’s concept is as simple as its formulation. The 
developing countries, prodded by the communists, raised the price 
of oil and caused economic trouble in the “free world”. Devel
opment of such tendencies can lead to a collapse of the economy of 
the “free world”, which will give the communists certain chances 
which might lead to their victory. The United States must, 
in the first place, pull out of the energy crisis and later, using all 
its capabilities, regain its “pre-eminence” in the world and to 
establish a “world order” which will assure it a suitable “way of 
life”.

Isn’t this line of reasoning reminiscent of the philosophy which 
was so much in vogue in nazi Germany some forty years ago?

In our view the ideas of this world-famous physicist are just 
as naive as Goldsmith’s (32) recommendation that people should 
go back to the primeval mode of living.

Prof. Teller may influence some people. However, the authors 
of the other works we commented on have different views on the
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problem. They too believe that a new world order should be es
tablished, but not for the purpose of preserving the American way 
of life in the United States. What they have in mind is an order 
which would serve the interests of the overwhelming majority of 
the population of our planet.

Thus, in their book John and Magda McHale write that a re
constitution of society must serve to promote the following “in
dividual world rights” of every earth-dweller.

a) Each individual has the right “to a guaranteed decent 
share of the world’s goods and services, irrespective of his 
occupation or contribution to society. This must ensure his 
food and shelter and opportunities for health, education, 
and cultural development.”*

This statement recognizes that we are all heirs to the 
fruits of the human enterprise and its wealth, as this rests 
on the collective accumulated knowledge of all humankind. 
We are indebted today to the obscure Indian inventor of 
the zero in mathematics as we are to those who later in
vented the computer. This suggests that the human’s birth 
certificate becomes his or her access credit card—to certain 
basic material and psychosocial needs.

b) There would follow upon this other rights. At a time 
when personal freedoms are in some danger of erosion, the 
consideration of human requirements must contain suitable 
provisions to protect the individual from political, economic, 
and other forms of coercion which abrogate his or her hu
man rights. Most models of “world government” omit the 
necessity for somewhere to go if you happen to disagree 
with the world government! (40, p. 88)

The report “What Now?” singles out the following goals of 
“another development” :

Development of every man and woman—of the whole 
man and woman—and not just the growth of things, which 
are merely means. Development geared to the satisfaction 
of needs beginning with the basic needs of the poor who

* Quoted by the McHales from the work published in the Annals of 
the New York Academy of Sciences, 184, June 7, 1971.
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constitute the world’s majority: at the same time, develop
ment to ensure the humanization of man by the satisfaction 
of his needs for expression, creativity, conviviality, and for 
deciding his own destiny. (50, p. 7)

In Commoner’s view the discontinuation of the use of syn
thetic and other unnatural products and a transition to wider 
use of natural materials will not only assure environmental 
clean-up but will also raise the living standards in the develop
ing countries, which are the main producers of natural raw 
materials. The transformation of the economy, once started, 
will stimulate the development of science, expedite the solution 
of the necessary technical problems and will become, according 
to Commoner, a self-sustained process. He goes on:

Moreover, we can expect that in an ecologically sound 
economy, meaningful employment would become univer
sally available. For once the principle is established—as 
demanded by the ecological imperative—that production 
is for social use rather than private profit or “plan fulfill
ment”, it would be clear that social good must begin with 
the welfare of the people who make up society. (26, p. 288)

What can we say about these goals for the realization of 
which the institution of a “new world order” is advocated? This 
term, often used in the works of Tinbergen and other authors 
must not be confused with the idea of “a new economic 
order” brought forth by the developing countries. These are 
good goals, the authors say, for they serve the interests of the 
overwhelming majority of people in the world. Our planet has 
enough natural resources and its environment has an adequate 
“capacity” to meet these interests, as we attempted to prove in 
the previous chapters. And this is what the authors of the books 
referred to above accept for a fact.

To achieve these goals, the volume of both production and 
consumption must grow in countries with low living standards. 
This can be achieved only in the course of further scientific and 
technological progress.

It is also necessary to organize long-range planning of all the 
activities of humanity and to even out its development in differ-



FROM SPONTANEOUSLY DEVELOPING TO DIRECTED CIVILIZATION 151

ent areas. It is quite fair to assume that unless these goals are 
set and achieved the whole world may be threatened by a 
severe ecological crisis. In our view, Mesarovic and Pestel are 
quite right in saying that such crises are likely to begin on a 
local and regional scale.

To all intents and purposes, all the suggestions about the 
institution of a “new world order” are aimed at meeting the 
basic needs of the entire population of the earth by regulating 
the development of humankind and its activity so that it will 
not transgress the limits set by the existing resources of our 
planet. In the opinion of the authors, humanity should set itself 
a goal common for the whole of the population of the earth, 
and should take vigorous measures to achieve it.

And what could this be if not a call for a transition from 
the spontaneously developing to a consciously directed culture, 
which Karl Marx referred to a hundred years ago?

TOWARDS A CONSCIOUSLY DIRECTED CIVILIZATION

As we mentioned before, the authors we have been referring 
to ignored both the theory of historical materialism and the 
basic characteristics which mark the activities and development 
of socialist states and some developing countries, all of which 
together account for at least 50 percent of the world’s popula
tion. Therefore, we shall have to recall what these authors 
wrote apropos of the problem under discussion.

Goal. No consciously directed development is possible without 
a goal to be achieved. And since capitalist social formation 
has no goal, the capitalist countries have no long-term com
prehensive economic development program.

This has been discussed at length in the above-mentioned 
works. And such a leading Western politician and scholar as 
Henry Kissinger summed up the situation in these words:

There is no doubt that the Western World is in deep 
trouble. It has not been able to articulate either a philos
ophy or a program adequate to our time. It has failed 
to identify itself with the revolutionary period through 
which we are living. It has not had the vision or the
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willingness to carry through a sustained program to bring 
a sense of direction to a world in turmoil. (38)

Would it be correct to say that the main goal, or rather the 
main motivation for the development of the economy and the 
entire activities of the capitalist countries is that “urge to 
grow”? We don’t think it would. Of course, the main incentive 
for the growth of production and consumption in capitalist 
society is a desire of the monopolies to extract greater profits, 
which fully accords with the interests of the military-industrial 
complex—that supermonopoly.

In contrast, socialist society has for a long time had a definite, 
clear-cut common goal, and a long-term program for its reali
zation. In the USSR these goals are set forth in the Program 
of the Communist Party of the Soviet Union; they are specified 
and defined in the decisions of Party Congresses and later in 
five-year and annual economic development plans. Thus, prior 
to the 25th Congress of the CPSU, the targets for the develop
ment of the economy, culture and all the other principal aspects 
of the activities of Soviet society, especially with regard to the 
Tenth Five-Year Plan as formulated in the guidelines of the 
CPSU Central Committee, had been discussed by the whole 
Soviet nation for several months. Referring to that nationwide 
discussion of the guidelines for the development of the national 
economy of the USSR (1976-1980), before they were to be 
submitted to the Party Congress for consideration, the Chairman 
of the Council of Ministers of the USSR, Alexei Kosygin, said:

This has been a truly nationwide discussion of the 
various aspects of our economic and social policy and the 
prospects and ways of development of our country’s nation
al economy. Our socialist society derives its strength 
from the consciousness of the masses, who in the words 
of Lenin “can form an opinion of everything and do 
everything consciously”. (Collected Works, Vol. 26,
p. 256) Lenin’s idea was most forcefully borne out in the 
discussion of the draft “Guidelines” in which the working 
people expressed their views on an extensive range of 
questions of communist construction, displaying great
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concern for the success of the common undertaking of the 
Party and the people, which is based on a profound 
understanding of the tasks before them. This is a vivid 
and convincing example of the effectiveness of socialist 
democracy, and one of its basic advantages over bour
geois democracy. Such a discussion is altogether incon
ceivable in any country of the capitalist world even if only 
because of the limited class character of bourgeois democ
racy and the lack of political and socio-economic aims 
uniting the whole of society. (My italics—E.F.) (8, 
p. 114)

Whatever views one may take of the goals which Soviet 
society has set itself, or the way we go about achieving them, 
the fact remains that these goals exist, they are known to 
everyone and, what is particularly important, these goals are 
accomplished. Sometimes they are accomplished more rapidly 
and more easily than expected, and sometimes more slowly and 
with greater effort. But accomplished they always are.

What are these goals? In describing the goals of the socialist 
system Lenin pointed out the need to organize a production 
process in a systematic planned manner in order to ensure high 
living standards and comprehensive and free development for 
all members of society.

A similar formulation is contained in the GPSU Program 
which is aimed at “satisfying the growing material and cultural 
reguirements of all members of society”.

Doesn’t this formula almost completely tally with what the 
above authors would like to put at the basis of a “new world 
order”? And what is still more important, the long-term plans 
for the country’s development are truly aimed at the realization 
of these goals. For these are not merely the proposals of certain 
individual scientists or high-minded humanists, but goals approved 
by the whole people and by the ruling party, goals which 
underlie this nation’s policy.

Long-term planning of the entire activities of a socialist state 
also accords with the “new world order”.

Long-term planning promotes a steady rise in living standards 
and enables the socialist countries to meet to an ever greater
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degree the material and cultural needs of every member of 
socialist society.

As we mentioned before, socialist society, by its very nature, is 
interested equally in raising the effectiveness of production and 
the living standards of its members, and wherever necessary the 
production process is adjusted so as to keep it within ecologically 
safe limits.

It should be pointed out that, under socialism, planning is 
directed not only at raising the living standards, but also at 
equalizing the economic, technological and cultural levels both 
in different parts of a country and in different countries of the 
socialist community.

Following are some illustrations, based on the Russian Feder
ation, the Kirghiz SSR and the Kazakh SSR, to give a broader 
picture of the development of the USSR. Before the revolution 
Kirghizia and Kazakhstan were the most backward regions of 
the Russian Empire, but in Soviet times the situation has changed 
dramatically. Between 1913 and 1973, per capita industrial 
output in the Russian Federation rose 113 times, in Kazakhstan 
181 times and in Kirghizia 245 times. At the same time per 
capita gross output rose 3.2 times in Russia, 7.2 times in Kazakh
stan and 6.5 times in Kirghizia. Between 1940 and 1973, the 
number of students per 10,000 of the population rose fivefold 
in Russia, ninefold in Kazakhstan and eightfold in Kirghizia. 
Between 1913 and 1973, the number of doctors per 10,000 of 
the population rose about 20 times (from 1.8 to 32.6) in Russia, 
61 times (from 0.4 to 25.2) in Kazakhstan and 110 times (from 
0.2 to 23.0) in Kirghizia. These and other facts show high 
rates of development not only in the USSR as a whole, but 
particularly high rates of development in the once backward 
regions.

The levels of development of these three republics of the 
Soviet Union were almost even in 1940, about 20 years after 
the establishment of Soviet power, and now there is practically 
no difference in the levels and rates of economic, technological 
and cultural development in these republics, as well as in all 
the other republics of the USSR.

Let’s take a look at the rates of economic and technical devel
opment of the countries of the socialist community. Before
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World War II, Romania and Bulgaria were the most backward 
of them all.

With per capita national income for 1950 taken as a basis, by 
1973, it grew 6.3 times in the USSR, 7.4 times in Bulgaria and 
8.1 times in Romania. During that period industrial per capita 
production in the USSR increased 8.5 times, in Bulgaria 15 
times and in Romania 16 times. The output of the machine- 
building industry in these once predominantly agrarian countries 
increased 56 times in Bulgaria, 48 times in Romania and is 
much higher than the rate of increase in the USSR (18 times).

We could cite many more similar examples.
Thus Meadows’ concept, and many other assertions to the 

effect that the growth of production and technical progress in 
general do not improve the lot of humanity, but rather widen 
the gap between the rich and the poor in every country and 
between countries, simply does not apply to the socialist com
munity. The present character of the development of the social- 
its system not only promotes the general welfare, but also tends 
to bring the level of the most backward countries up to that 
of the most advanced, through accelerated growth of the 
economy in the less developed countries, and equalizing the 
living standards of different population groups in such countries.

And this does not happen spontaneously, but is the result of 
the consciously directed and regulated development of the 
economy and all other activities of socialist society. In the 1930s, 
for example, all the resources of our country were directed 
toward the development of heavy industry which manufactured 
producer goods. That was done not because our people had no 
need for clothes and other consumer goods. Not at all, these 
immediate needs were great and tended to drag our economy 
precisely in that direction. But a correct understanding of the 
long-term interests of society prompted our government to act 
as it did. And now Soviet people can reap the harvest of their 
effort and increase the production of consumer goods on the 
basis of the heavy industry they have built.

It is quite obvious that the conscious guidance, the optimal 
planning of the national economy of a country as large as ours 
is no simple matter. Efforts have been made to find new, more 
effective forms of economic management, and this, in turn, has
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created many problems and has even led to occasional mistakes. 
On the whole, however, the planning mechanism has worked 
successfully.

The other socialist countries are drawing on Soviet experi
ence. It is also being utilized by the governments of many develop
ing countries. Even government agencies in many capitalist 
states are studying our experience in order to make good use 
of it for their own purposes.

The proponents of the “new world order” or “new develop
ment” could also take into consideration that new forms of 
international relations between the socialist countries are taking 
shape.

This does not imply merely an offer of assistance in an emer
gency situation, but a constant, day-to-day exchange of infor
mation, know-how and commodities to make sure that the results 
of work done in one country will be of immediate benefit to all 
the others. There is no such thing here as a “brain drain” from 
the less developed into the more developed countries, a phenom
enon which is contrary to common sense.

There is a large and steady flow of specialists from one 
socialist country to another: from more advanced enterprises and 
organizations to less developed ones. This assistance comes in 
different forms: from on-the-spot instruction over a certain 
period of time to studies at leading educational institutions. And 
if, some 20 to 30 years ago the Soviet Union was the only center 
the other socialist countries could turn to for know-how and 
assistance, now, with development at a more or less uniformly 
high level, this system has become polycentric. Division of labor 
and highly diverse mutual assistance between the socialist coun
tries are becoming increasingly important elements of the inter
national socialist system, whose economic relations are directed 
and stimulated by the Council for Mutual Economic Assistance.

It is wrong to judge the development of global systems and to 
design their future models from only the experience of one 
subsystem—the capitalist one—whose contribution to the world 
economy, percentagewise, is shrinking all the time.

It would be just as wrong, in our view, to divide all countries 
into “rich” and “poor” according to their national incomes, for 
this approach does not take into account the main distinctions
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in their socio-economic systems and the consequent specifics of 
their development.

It is also wrong to classify all the developing countries as 
“poor” and divide them into subgroups depending on the per 
capita national product. Of course, they have some common 
features, such as a low, and at times an extremely low economic, 
technical and cultural level. Hence their desire to overcome 
this backwardness, eliminate poverty and famine at all costs as 
soon as possible, and to provide the basic needs of their popu
lation. At the same time, each of these countries follows its own 
way of resolving this problem. Some of them, like most of the 
Latin American countries, have long since won nominal political 
independence, but have retained the capitalist social system which 
keeps them in economic bondage to the advanced nations, and 
especially to US monopolies.

At the same time, many countries in Africa and Asia which 
recently shook off the colonial yoke have set themselves the 
ultimate goal of building socialism and are now in various inter
mediate stages along their way to achieving this purpose. Pre
capitalist, capitalist and socialist socio-economic elements are 
peculiarly interwoven here into a complex, if fluid, social pattern. 
The possibilities for the development of the third-world coun
tries, both in character and in degree, largely depend on how 
well a given social system is established there.

The cardinal objectives which require that present world 
economic and social conditions be changed were set by socialist 
society long ago. Many of these objectives have already been 
achieved; others are being achieved in the course of its develop
ment—both in the socialist countries individually and in the 
socialist community as a whole.

This similarity, if not identity, of goals could not go unnoticed 
by students of the modern socio-political structure of the 
world. Is it possible that they do not agree that these goals are 
similar? In that case it would be quite logical to expect them 
to study and analyze the elements that make them so different. 
However, we find nothing at all to this effect in any of the 
books we have been referring to. As we see it, this is explained 
not by any absence of information or incompetence, but rather 
by their reluctance to admit the simple fact that socialist society,
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and the socialist part of the modern world, has already accom
plished or is on its way to accomplishing the principal tasks for 
the sake of which these authors have proposed a reorganization 
of the “world order”. Also by their reluctance to admit that, 
should the whole world become socialist, the most difficult 
social aspects of the development problem, including the prob
lem of optimizing relationships with nature, would be resolved, 
leaving mankind only the purely scientific and technical aspects 
to cope with.

All this goes to show that the authors of the proposals about 
a “new world order”, “new development” and similar proposals 
are seeking a solution to the global problems of modern civili
zation only within the limits of the capitalist social system. The 
goals of a “new order” and “new development” and other pro
posed changes in the present-day economic and social system 
of the world are formulated in great detail, and their necessity 
is motivated from different points of view. The same cannot be 
said about the measures for their realization as formulated most 
exhaustively in the Tinbergen’s paper and in all the other works 
we have referred to.

This is easy to understand, since the realization of the pro
posed goals indeed calls for serious and profound changes in the 
present-day international economic and political relations, and 
it would be naive to expect that concrete and universally accep
table recipes could soon be developed. With this important 
circumstance taken into account, we still think it necessary to 
make some critical remarks about them at this stage, too.

Let’s take what seems to be a very simple question: setting 
a goal for humanity as a whole. As we mentioned earlier, the 
goals proposed by the authors of the works in question are on 
the whole both humane and rational. But we must add that 
not every society can set a certain goal for itself and achieve it, 
too. Setting a goal for the population of a country presupposes 
the community of interests and views of the whole of that popu
lation. Now, is this possible in a capitalist state? Striving for a 
“global” goal presupposes the full agreement of interests and views 
of humanity as a whole, for otherwise no goal can even be set. 
As for the achievement of such a goal, this calls for a worldwide 
effort to be made under one master plan, and also for a complex
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and painstaking reconstruction of the entire framework of society.
Having thus formulated the goal, society must then have a 

long-term perspective for its development. It is only then that 
it can assess the situation as a whole, or in a given sphere (e.g. 
the condition of the natural environment), favorable or unfavor
able, both in our time and in the foreseeable future. Moreover, 
society must be able to plan and regulate the long-term develop
ment of its industry, agriculture, etc. on the whole of our plan
et, in accordance with the goal it has set itself.

Only then will it be able to utilize and multiply thriftily and 
effectively all of its resources, and particularly its natural re
sources, with due account being taken of world totals. Society 
must be in a position to utilize, when necessary, large amounts of 
material resources for the purpose of implementing joint projects 
in various parts of the planet—e.g., to effect expedient changes 
in the natural environment. And, finally, society must be free 
from major conflicts, since any of these will inevitably upset all 
the other conditions.

What social organization can meet all these conditions? In 
our opinion a worldwide socialist society would be the answer.

Now to some specific tasks.
To accelerate the development of the less developed coun

tries, the authors suggest that the amount of aid be increased 
and its very character be altered. Most of them think it neces
sary to develop the industry, cultural facilities and educational 
system in these countries. They think, and quite justly so, that 
only in this way, and not by dispatching consumer goods there, 
can the advanced industrial nations help the developing coun
tries get on their feet. This is precisely what the Soviet Union 
and the other socialist countries have been doing, to the best 
of their ability. Incidentally, the socialist countries have never 
exploited the natural wealth or the labor force of the developing 
countries, as did their former metropolitan masters.

The well-wishing authors tend to forget that what they call 
“development” is one of the aspects or, more precisely, the 
final stage of the national liberation movement, which is one 
of the most important elements of the social progress of hu
manity. Upon winning their independence, the developing coun
tries have been consolidating their economic independence, and
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this includes their inalienable right to use their natural wealth 
for the good of their people.

Leonid Brezhnev noted in his Report to the 25th Congress of 
the CPSU that

glancing at the picture of the modern world one cannot 
help noticing the important fact that the influence of states 
that had only recently been colonies or semi-colonies has 
grown considerably.

It may definitely be said about the majority of them that 
they are defending their political and economic rights in 
a struggle against imperialism with mounting energy, 
striving to consolidate their independence and to raise the 
social, economic and cultural level of their peoples. (My 
italics—E.F.) (8, p. 216)

Are the industrial monopolies of the advanced capitalist 
countries genuinely interested in facilitating this process, i.e., 
to help build the industry of the developing countries and not 
their own? Didn’t the national and multinational monopolies 
put up stiff resistance when the governments of developing 
countries nationalized the factories, agricultural estates and 
natural resources controlled by these monopolies? And did not 
this resistance by the foreign monopolies, more than any other 
thing, lead to the downfall of the governments of President 
Arbenz in Guatemala and the Allende goverment in Chile?

Where the developing countries clearly need assistance most 
of all is in eliminating outdated social and economic patterns, 
such as big landownership, usury, tribalism, etc.

But what is even more important is that the newly indepen
dent countries not be obstructed in their efforts, using progres
sive methods, to build up their economies. This means that the 
foreign monopolies must relinquish their control of natural 
resources which rightfully belong to the people of the developing 
countries. Finally, the despoiled countries must receive some 
recompense from the industrially advanced nations and the 
monopolies for the colossal profits reaped by exploiting their 
natural wealth and manpower during decades or even hundreds 
of years of colonial rule.

The suggestions made by some of the authors, that the “rich” 
countries should limit consumption and hand over the resources
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thus saved to the “poor” countries, sound very noble indeed.
The report “What Now?”, for example, suggests that Sweden 

set an example by abolishing the right to own private cars and 
by reducing the consumption of meat through the institution 
of special “meatless days”.

The point is, whose consumption should be limited? Gould 
it not happen, for instance, that millions of unemployed and 
poor people in the “rich” countries would demand that these 
resources should first be used to improve their lot?

Most of the “rich” capitalist countries, like the United States, 
cannot, or rather do not even consider it necessary, to seek out 
resources to supply the elementary needs of their own poor whose 
number, incidentally, is not that small or to provide all their 
citizens with free medical care and education, which, by the 
way, has long since been done in all the socialist countries.

It should be borne in mind that a reduction in the volume of 
consumption cannot be effected without the consent not only 
of the people of the advanced countries but also of the capitalist 
monopolies which manufacture consumer goods, for such a 
reduction would inevitably cause profits to go down. Now, is 
it possible to secure such consent?

The Tinbergen team has made a number of suggestions (in 
its Report RIO-19, for example) on the just, equitable satisfac
tion of the needs of the earth’s population for good. These 
suggestions include the creation of\ world food stocks, world 
reserves of fertilizers, a reduction in the consumption of meat 
in the advanced countries, etc. Tinbergen also tries to prove 
that, if all these suggestions were translated into life, the needs 
of the entire population of the earth would be satisfied. This, 
of course, is all true. But it is also true that for it to happen the 
capitalist monopolies and the governments of the advanced 
Western countries would have to voluntarily relinquish their own 
selfish interests for the benefit of all.

But how would decision-makers in the United States and 
other advanced capitalist countries look at this?

The French weekly Le Point, on February 9, 1976, carried 
an article under the headline: “Wheat: the Ultimate Weapon”, 
which analyzed statements made by Earl L. Butz, US Secretary 
of Agriculture.

11—2300
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After a long tour of the countries of Europe and the Middle 
East, in December 1975, Earl Butz said that the rate of con
sumption there was growing rapidly and the demand lor quality 
food items was growing, too. These are good buyers of American 
wheat and of meat from cattle raised on American soy beans. 
Earl Butz went on to say that all the American food which the 
United States was handing out to these countries in the form 
of aid should be used for the purpose of drawing them into the 
sphere of American influence. According to Mr. Butz, that 
would be a good investment.

There is no doubt that such ideas have already been put into 
practice. In his book By Bread Alone, Lester Brown points out 
that in 1973 the United States turned down the request of 
Chile’s President Allende for a supply of wheat on credit. Lester 
Brown continues:

Since Chile’s foreign-exchange reserves were then ex
hausted and bread shortages were developing, this Ameri
can action undoubtedly contributed to the downfall of the 
Allende government in September, 1973. Although Amer
icans decry the use of petroleum as a political weapon, 
calling it ‘political blackmail’, the United States has been 
using food aid for political purposes for twenty years—and 
describing this as ‘enlightened’ diplomacy. (23)

It is well known today that the delay in the shipment of wheat 
was one of many economic actions taken by multinational mo
nopolies and the reactionary quarters in the United States 
in order to overthrow the lawful progressive government of 
Chile. There are many more examples of this sort.

The authors of a “new world order” and “new development” 
attach a great deal of importance to the functions of internation
al organizations. The conclusion they have arrived at is twofold. 
In the first place, international organizations, beginning with the 
United States and its specialized agencies, must be vested with 
greater authority. The authors propose that new agencies be 
set up to promote utilization of natural resources in the interests 
of humanity and that eventually an international organization 
with worldwide powers be created to put this exploitation of 
resources on a planned footing. Second, the sovereign rights of
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countries, especially in matters of exploitation of resources and 
economic development, must be curtailed.

The authors’ main mistake is, we think, in their proposing 
some sort of global “regulation” of humanity’s activities, which 
in fact is opposed to the sovereignty of individual countries. 
And although they often refer to “voluntary” concessions of some 
sovereign rights by nations to international bodies, they in 
effect propose the creation of a supranational mechanism with 
authority to impose its own mandatory solution to problems 
with regard to the economic activities of states and to the 
utilization of their natural resources.

In our view, it would be proper to speak about cooperation 
between nations rather than about “international regulation” 
imposed from above, which infringes on the sovereign rights 
of nations. Countries can coordinate their actions on a global 
scale only if their relations are based on equal and mutually 
advantageous cooperation. It has been proved in practice that 
when peoples and their governments are aware of the need for 
and the advantages of certain joint actions, they do their 
utmost to make such actions possible. The Universal Postal 
Union, the International Telecommunications Union, the World 
Health Organization, the World Meteorological Organization 
and many others work successfully, coordinating and unifying 
the activities of countries in their respective fields.

It is more difficult to coordinate international relations in areas 
that affect the political and economic interests of countries, and 
still more difficult when interests of national security are in
volved. Of course, the reason for this does not lie in the absence 
of relevant international organizations.

The structure of the United Nations is basically suitable for 
considering and adopting decisions in this sphere. It has adopted 
many rational decisions, such as those in support of the decolo
nization process and in support of the rights of the Arabs exposed 
to Israeli aggression, and many others.

Regrettably, even these decisions are often not carried out 
after they are adopted. They are sabotaged by those who con
sider these decisions unsuitable for reasons of profit, by those 
who rely on the assistance and patronage of big powers. Such 
nre the attitudes of the South African government and the
11*
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regime of Ian Smith, which was long entrenched in Rhodesia, 
and also of the Israeli government.

It is not the UN structure that is bad, but the fact that 
certain major states have not yet relinquished their positions-of- 
strength policy, in the hope that such a stand will serve their 
interests at the expense of other countries and peoples.

The authors of the books we have referred to are at pains to 
work out a long-term program or project for the development 
of humanity. Their line of argument in support of this program 
calls to mind Lenin’s words:

. . .there were many dreamers, some of them geniuses, 
who thought that it was only necessary to convince the 
rulers and the governing classes of the injustice of the 
contemporary social order, and it would then be easy to 
establish peace and general well-being on earth. They 
dreamt of a socialism without struggle. (7)

Does this mean that the idea of coordination of human 
activities on a global scale is unrealistic? No, it does not.

Using all the key factors of the development of human society, 
the doctrine of historical materialism has proved that at a certain 
stage of its development the entire population of the earth must be 
and inevitably will be integrated into one single socialist system.

Does this mean that we propose to establish a worldwide 
socialist system now, without delay, in response to the propo
sals under discussion? Not at all. The teachings of historical 
materialism and indeed the history of human society clearly 
show that socialism cannot be established by decree or by force. 
Socialism will emerge only when the majority of the people 
have become convinced on the basis of a number of factors 
that this new social system is the only acceptable one, and when 
they are prepared to work and fight for this conviction with 
every means at their disposal.

The socialist system eliminates the problems in question. This, 
however, does not mean that we should wait for socialism to 
become a worldwide system, for a great deal of work can be 
done already now. Many Western scientists, political writers and 
public leaders share the opinion that humanity should be integ
rated under a single social system based on scientific principles.
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This is what Prof. Commoner, whom we have mentioned 
many times, said:

The lesson of the environmental crisis is, then, clear. 
If we are to survive, ecological considerations must guide 
economic and political ones. And if we are to take the 
course of ecological wisdom, we must accept at last the 
even greater wisdom of placing our faith not in arms that 
threaten world catastrophe, but in the desire that is 
shared everywhere in the world—for harmony with the 
environment and for peace among the peoples who live 
in it. (My italics—E.F.) Like the ecosphere itself, the 
peoples of the world are linked through their separate but 
interconnected needs to a common fate. The world will 
survive the environmental crisis as a whole, or not at all. 
(26, p. 292)

This excerpt contains a rather important and at the same 
time very simple thought: the greatest wisdom is that of placing 
our faith not in the arms that threaten world catastrophe but 
in the desire for peace among the peoples.

The same idea is voiced, in one form or another, in most of 
the other works we have mentioned in this book. However, 
neither Commoner nor any of the other authors devote suffi
cient attention to it. The impression is that they regard peace 
as an element of some sort of universal bliss which will be con
sequent upon the attainment of the proposed “new world order”, 
“new development” and other such projects. Thus, the whole 
situation is put upside down. Do they really think it possible to 
achieve full agreement of views on serious economic and polit
ical problems that concern different countries, to set one com
mon goal for all humanity and to achieve it worldwide amid 
crippling international tension, the danger of war and the arms 
drive?

Is it not clear that the elimination of these factors and the 
creation of conditions which rule out the very possibility of a 
global thermo-nuclear conflict; halt, or at least considerably 
reduce the arms drive; make detente irreversible, and ensure not 
only peaceful coexistence but also close cooperation between 
countries with different social systems—would enable these
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countries to set common goals for all mankind and to take con
certed joint actions for their realization.

Is it not clear that by curbing the arms race and reducing 
military budgets, which absorb hundreds of billions of dol
lars every year, we would be able to save quite substantial 
and sufficient means to assure such actions for common goals?

The world needs great changes, and these are taking place 
all the time. The process of social development of humanity 
continues unabated. But this process can be impeded by helping 

 ̂the reactionary forces which try to hold back social develop
ment. One such example was the war against the peoples of 
Vietnam. Another is Israel’s attempts to reverse the social and 
economic development of the Arab countries. On the other 
hand, this process can be facilitated by helping the national lib
eration movement of the peoples in the developing countries, by 
promoting the development of their industry and training their 
national personnel, etc.

This process cannot be stopped or even delayed, and much 
less reversed. It is impossible to stop the revolutionary move
ment in countries where the people have become aware of its 
necessity and are prepared to defend it with all the means at 
their disposal—from parliamentary elections to an armed strug
gle. For this movement cannot be “organized” artificially with 
means brought from without.

Many readers may not agree with the Marxists, who believe 
in the inevitability of the social development of humanity when 
all countries will be part of a worldwide socialist system. As a 
matter of fact, we are not trying to convince them of that.

However, in our day and age, social progress obviously has 
reached a stage when a lasting peace between nations, disarma
ment, coexistence, and close cooperation between states with 
different social systems are quite possible.

This has come about as a result of the development ol many 
processes, all of which taken together constitute .what wc call the 
social progress of mankind. The economic and technical strength 
of the Soviet Union and the other socialist countries has ren
dered ineffective the “positions-of-strength” policy which some 
forces would like to carry on even now. (This is why Professor 
Teller’s ideas, mentioned earlier, sound rather naive.) The vie-
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tories scored and still being scored by the peoples of former col
onies in the national-liberation struggle and in the not less 
arduous struggle for economic independence against superior 
adversaries necessitate a transition from the policy of diktat to 
cooperation.

The successes being scored in the class struggle of working 
people in capitalist countries for the improvement of their ma
terial conditions, against unemployment, and against the power 
of the monopolies, strengthen and develop all the elements of 
democracy in the social systems of these countries.

We would like to single out here the role played by the grow
ing efficacy and influence of world public opinion.

Most of the people of my generation, those who lived through 
and fought in World War II, were convinced that it would be 
the last war in the history of man. Therefore there was a prompt 
and powerful response by the progressive public everywhere to the 
efforts of the reactionary forces in the United States and Great 
Britain to unleash a cold war and other cold and “hot” conflicts.

It was at that time that the mass movement for peace—at 
the source of which stood such outstanding scientists, human
ists and public leaders as Frederick Joliot-Gurie, Yves Farge, 
Ilya Ehrenburg and many others—was born. But though it as
sumed vast proportions in Europe and in many developing 
countries, this movement, for a number of reasons, did not de
velop in the United States. However, the United States saw the 
rise of another movement, the Pugwash movement of leading 
scientists in all countries against war and for cooperation be
tween nations. The Pugwash movement originated on the initia
tive of the financier and industrialist Gyrus Eaton. Also, at that 
time many hundreds of national and international societies, 
unions and movements came into being to defend the cause 
of peace, each from its own moral, religious, humanitarian or 
ideological positions. Many of these organizations and move
ments exist to this day.

Lately they have more and more often joined efforts in sup
port of peace and the national liberation struggle of oppressed 
peoples, and in defense of human rights. One such demonstra
tion of unity was the World Congress of Peace Forces held in 
Moscow in 1973.
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All these and many other elements of social progress have 
created a situation in which the elimination of the threat of 
war, an abatement of the arms drive, and further consolidation 
of cooperation between the peoples have become quite realistic, 
and attainable in the foreseeable future.

The principles of peaceful coexistence of states with different 
social systems are becoming the norm in international relations.

The Helsinki conference on security and cooperation in Eu
rope affirmed the principles of cooperation between states. 
These principles have provided ample opportunities for joint 
discussion and solution of the serious problems facing all na
tions of the world.

By signing the European Charter for Peace (Final Act), the 
heads of thirty-three European nations, and also the USA and 
Canada, assumed commitments in a wide spectrum of questions, 
some of them relating to the protection of nature and rational 
utilization of its resources.

The Soviet Union and the United States have long since 
been negotiating a reduction in the growth of strategic weap
ons. This is a difficult problem, but the two most powerful na
tions of the world have shown goodwill for its solution, which 
gives us hope that this problem ultimately will be resolved. Talks 
are also being conducted with a view to reducing armaments 
and armed forces in Europe.

An international agreement has been signed banning the use 
of chemical weapons, and more agreements are being consid
ered on banning the development of new types and systems of 
weapons. A good deal of work has been done and more still is 
being: done to resolve some specific problems involved in limit
ing the arms race, and to further reduce the threat of thermo
nuclear war.

Of course, more progress could have been made. But we hope 
that a world disarmament conference will help resolve this vital 
issue. We firmly believe that the solution of the key problems 
of peace, disarmament and cooperation between countries with 
different social systems should serve as the basis for implement
ing any worldwide projects or any global actions including those 
which may optimize the relations between man and nature or 
to equalize the living standards in different countries, which has
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been indicated many times in the works on which we com
mented.

This thesis was clearly formulated by Leonid Brezhnev in a 
speech at the World Congress of Peace Forces. He said:

But peace is not only a question of security. It is also 
the most important prerequisite for solving the most cru
cial problems of modern civilization. And here the very 
future of humanity is involved. . . . Here it will be suffi
cient to mention but a few of the problems that are be
ginning to cause many people concern: energy supply, 
environmental protection, elimination of such blights as 
mass hunger and dangerous diseases, and development of 
the resources of the World Ocean. (10)

There is no other way out. And here is what Leonid Brezhnev 
said at the 25th Congress of the CPSU:

Assessing our country’s international situation and 
world conditions, the Party’s Central Committee considers 
that further struggle for peace and the freedom and inde
pendence of the peoples now requires first of all fulfilment 
of the following vital tasks:

— While steadily strengthening their unity and ex
panding their all-round cooperation in building the new 
society, the fraternal socialist states must augment their 
joint active contribution to the consolidation of peace.

— Work for the termination of the expanding arms 
race, which is endangering peace, and for transition to 
reducing the accumulated stockpiles of arms, to disarma
ment. For this purpose:

a) do everything to complete the preparation of a new 
Soviet-US agreement on limiting and reducing strategic 
armaments, and conclude international treaties on univer
sal and complete termination of nuclear weapons tests, on 
banning and destroying chemical weapons, on banning 
development of new types and systems of mass annihila
tion weapons, and also banning modification of the na
tural environment for military or other hostile purposes;

b) launch new efforts to activate negotiations on the 
reduction of armed forces and armaments in Central
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Europe. Following agreement on the first concrete steps 
in this direction, continue to promote military detente in 
the region in subsequent years;

c) work for a switch from the present continuous 
growth of the military expenditure of many states to the 
practice of their systematic reduction;

d) take all measures to assure the earliest possible con
vocation of a World Disarmament Conference.
— Concentrate the efforts of peace-loving states on elim
inating the remaining seats of war, first and foremost 
on implementing a just and durable settlement in the 
Middle East. In connection with such a settlement the 
states concerned should examine the question of helping to 
end the arms race in the Middle East.

— Do everything to deepen international detente, to em
body it in concrete forms of mutually beneficial coopera
tion between states. Work vigorously for the full imple
mentation of the Final Act of the European Conference 
and for greater peaceful cooperation in Europe. In ac
cordance with the principles of peaceful coexistence con
tinue consistently to develop relations of long-term mu
tually beneficial cooperation in various fields—political, 
economic, scientific and cultural—with the United States 
of America, France, the FRG, Britain, Italy, Canada, and 
also Japan and other capitalist countries.

— Work for ensuring Asian security based on joint 
efforts by the states of that continent.

— Work for a world treaty on the non-use of force in 
international relations.

— Consider as crucial the international task of com
pletely eliminating all vestiges of the system of colonial 
oppression, infringement of the equality and independence 
of peoples, and all seats of colonialism and racialism.

— Work for eliminating discrimination and all artifi
cial barriers in international trade, and all manifestations 
of inequality, diktat and exploitation in international eco
nomic relations.

These, comrades, are the main tasks, the attainment of 
which, as we see it, is essential at present in the interests
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of peace and security of peoples, and the progress of man
kind. We consider these proposals an organic projection 
and development of the Peace Program advanced by our 
24th Congress, a program of further struggle for peace and 
international cooperation and for the freedom and inde
pendence of the peoples. We shall direct our foreign pol
icy efforts towards achieving these tasks, and shall coop
erate in this with other peace-loving states.

Permit me to express confidence that the lofty aims of 
our policy on the international scene will be received with 
understanding and win the wholehearted support of all 
the peace-loving, progressive forces, and all honest people 
on earth. (8, pp. 30-32)

This is not the opinion of an individual scientist, humanist or 
public leader, but a guideline for the basic, long-term goals of 
the foreign policy of the Soviet Union, a guideline which was 
discussed and unanimously approved by the 25th Congress of the 
CPSU. These ideas are an extension of the Program ot Peace 
adopted at the 24th Congress, a program which won worldwide 
acclaim, and which has since been translated into life.

Our readers may well agree that the adoption and implemen
tation of programs like this by other countries would greatly ad
vance the cause of peace and cooperation between peoples.

Those are the possibilities^which mankind has at the present 
stage of its social development. Their realization would help solve 
many problems of modern civilization, including the problems 
discussed in this book.

Therefore we consider that it is not the development of com
plex social and economic schemes, or the creation of supranation
al bodies, nor is it the advocacy of limited sovereignty or reor
ganization of the United Nations and its agencies, but the strug
gle for peace, for an end to the arms drive, for disarmament, and 
for making detente irreversible that must be the principal objec
tive of those who arc concerned about any aspect of the imme
diate future of humanity.

Speaking about the development of humanity over the long 
term, we concur with the views of many scholars and political 
writers who regard the emergence and development of life in
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general and its highest form—human society—as a logical stage 
in the development of the universe, and not merely as an acci
dental phenomenon or an “illness of senile matter”.

In his remarkable work The Poetry of Science, the Soviet auth
or H. F. Hilmi wrote:

No matter what place chaosogeneity might hold in the 
universe, the emergence of life in its chaosogenic regions 
is not an accidental phenomenon, but the legitimate result 
of the development of matter.

The simplest primary forms of the organization of mat
ter appeared back in the physical stage of development. 
Nuclear and molecular forces are the principal organizing 
factors in the microcosm, just as the forces of gravitation 
are in the macrocosm. And later, in the depths of the chaos
ogenic parts of the macrocosm there originate the simplest 
cybernetic systems which are capable of adapting them
selves to new conditions and balance out the effects of the 
environment. From these cybernetic systems, by means of se
lection and evolution, life arises and develops.

The chaosogenic medium legitimately generates its dia
lectical negation: the living systems which overcome the 
chaosogeneity of the universe.. . .  And is the idea all that 
crazy that the emergence of life in the chaosogenic regions 
of the universe means the birth of a new stage in its devel
opment? It is possible that life, especially its higher forms, 
is destined to organize the universe by activity expanding 
and consolidating the sphere of its propagation. This idea 
may sound preposterous now for the same reason that a 
prophecy to the effect that man would be able to organize 
the natural environment on a global scale would have sound
ed preposterous to our ancestors who lived a mere one or 
two thousand years ago. (18)

It would hardly be possible to find arguments that could prove 
that such prospects for the development of mankind are ill-judged. 
Over the next 100 years man will have to take yet another very 
important step on this long road: to become the organizer of 
nature on the whole of our planet. And this can be achieved, as



FROM SPONTANEOUSLY DEVELOPING TO DIRECTED CIVILISATION 173

we have seen, only in the form of an organized society capable 
of regulating its own development and its interaction with nature, 
in the form of a consciously developing civilization.

Can society retain its capacity for multiple, even though reg
ulated, development? Most of the students in our field of re
search, like this author, would give an affirmative reply to this 
question.

Perhaps, because the possibilities for converting different sub
stances into sources of energy grow much faster than the deple
tion of certain types of raw materials and sources of energy (the 
reserves of which will continue to grow for a long time yet), while 
the expenditure of nonrenewable resources on our planet will 
long continue to be negligible, and can be compensated for by 
using the resources of outer space.

Perhaps because environmental pollution can be reduced to 
negligible levels, while the pollution-induced changes in the bal
ance of matter and in the balance of energy can be suitably neu
tralized.

Or perhaps because cultivation of renewable natural resources 
and their proper balancing make it possible to raise many times 
over the productivity of nature as a whole.

In other words, a well-organized society which consciously di
rects its own progress will have enough capabilities for diversified 
development on earth and outer space ^s well.

In conclusion, I would like to go back to Academician Ver
nadsky and cite the remarkable thesis he formulated back in 1944.

The historical process is changing right before our eyes. 
For the first time in history, the interests of the masses of 
men taken as a whole and individually, and the free thought 
of the individual determine the life of mankind and serve 
as a yardstick for its ideas of justice.

Man is growing into a mighty geological force. He, his 
thought and labor, are confronted with the task of restruc
turing the biosphere for the benefit of an integrated, free- 
thinking mankind.. . .

The ideals of our democracy are in unison with the 
spontaneous geological process, with the laws of nature. 
Therefore we can look to the future with confidence. For 
the future is in our hands and we shall not let it go. (13)
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